Retrospektive und prospektive Verfahren zur bildbasierten Korrektur von Patientenkopfbewegungen bei neurofunktioneller Magnetresonanztomographie in Echtzeit by Thesen, Stefan
 	
	 
ﬀﬁﬁ ﬂﬃ
! #"

"%$'&)(*) (*,+-."
/10324/
"45ﬃ6#"%+-
+-."

&
2
 #"45ﬃ7'88-9(8:%;&)<
2
$'7':%;
=
&
2
;-?>@&
2
7'8:%;-9(

-98&A>
2
<B&
0
 $
24CD2
+-."


 #E"%-9:%;
2F
&1"%$'8

(7HG)-."%87
24CD2
I
-97'+-9$HJK-."%*
LMNPOQSRTQSOVULMW
XYTZ
R\[%]1^`_aS[.bcUdQfehgVWi^%QSaPQSW
gVj%a#k3MW%W
ilgVOnm%QSNpoﬀq%W%m%R
YTr
^%QSWs]1NPq4etj%W%O%u9vxw%[yvv[{zV||4v
 
	 ﬀ
	ﬂﬁﬃ! #"$%
&
$')(*ﬀ'+ #	)% ,-.$

 /0 1)%2%$
#3'4576
ﬀ6#%
'78ﬀ%$#!$)
ﬀ7()()
9  .6
ﬀ%	
 #
&

: #6.; .+"ﬀ)
* <0=>"2
&
7
?A@CBED3FGHBJILK)M N;KPO3QPRTSUK)RTVWO!XHYZD3[NO]\^G
N;KPO3QPRTSUK)RT_`O3BaGZD3K%bCFGZD3Y
 
	ﬀ
	ﬂﬁﬃ! #"$&%(')+*,' -	,$ﬀ./
(102 3,$54
$

!'6788
$('$$
9,$*+*,2:ﬀ -8	 #%;<ﬂ
8
 -)",=+?>2@A"%$;B
C$DFE#GAHJI$KMLONPH#LRQSGAT3U+VLOWXLOY;Z-H-YLOH\[-L^]`_)abcNMLOHbFLOH\WedE-fFLOH#[JH#LOZ-fFGU+Z-H-I$bcNMGAH#LOKPKMLOH\g(L^]F]cZ-H-YLOHJh=NPb`giaj
Y;H#LObcfFL^]FGAH
aH-kRIlAH-H#LOHJh/aA]F]cNPmLonSfcbFLpUqaI$bFLrNPHJ[-LOHJfFL^]cZ-KPbcNMLOfFLOH#[-LOH\nSI$bcNPm$NMLOfcZ-H-Y]cI;afcbFLOHJ[-L^]stLOE-NPfcH#]
mLOfcZ-fF]uaADFE#LOHwvxCNPY;H-Nzy#I;aHbFL|{LOfcVL^]F]FLOfcZ-H-YLOH&[3Z-fFDFE&[3NML|nSHWXLOH#[3Z-H-Y}mGAH&aZ3U+WXLOH#[3NPYLOH~QSGAfcfFLOI$bcZ-fj
mLOfUqaE-fFLOHﬂ]cNPH#[iZ-HVL^]cbcfcNPbcbFLOHww[3NML=GU+bﬃ]cbcZ-H#[-LOH-KaH-YLOHSL^DFE#LOH-kLONPbFLOHﬂVLOE-NPH#[-LOfcHocL^[-G$DFEE
dZ3y#Y?LONPH#LOH

NPH#]uabckv!H|2aE-h`LOH[3NML^]FLOf7nSfcVLONPbWZ-fF[-LOHg(LObcE#G$[-LOHﬂU+-f7LONPH#L/L^DFEbckLONPbUqdE-NPYL;fFLObcfFG;]cTLOI$bcNPmLŁASj

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f7LOHb!WNMDFILOKPbWXLOKMDFE#L/[3NML=LOfUGAfF[-LOfcKPNMDFE#L`SL^DFE#LOH-kLONPbaZ3UXZ-HbFLOf7;[-LOfxg(LO;kLONPb
fFL^[3Z-k^NMLOfFLOHwvﬃaA]={LOfUqaE-fFLOHJVLOH#lAbcNPY;b`VLONb!$T-NM]FDFE#LOH\ﬃabFLOH#]udbckLOHJT-fFGﬂg(LO;mGAKPZ-h`LOH}AA?oU+-f
[3NMLRtLObFLOI$bcNMGAH\[-LOf

LOWXLOY;Z-H-YZ-H#[\A;A?RU+-f/[3NMLRQSGAfcfFLOI$bcZ-fv

]`WZ-fF[-L?LONPHg(G$[-LOKPK-VLOf/[3NML

NPH3##]F]FLmGAH2aZ#]FDFE#LOHaZ3U2[3NMLQSGAfcfFLOI$bcZ-f`LOHb!WNMDFILOKPb/Z-H#[ aH-E
aH#[mGAHCNPhZ-KabcNMGAH#LOHJZ-H#[g(L^]j
]cZ-H-YLOH-VLOfcT-fc3U+bv

NPH#LotLObFLOI$bcNMGAH#]cYLOH
aZ-NPY;ILONPb/[-LOf=LOHb!WNMDFILOKPbFLOH\g(LObcE#G$[-LOHmGAH}¡¢A;A£5¤I;aH-H
U+-f[3NMLﬃU+Z-H-I$bcNMGAH#LOKPKML

NPKM[3YLOV-Z-H-YVLOKMLOY;bWXLOfF[-LOHwv
¥ﬂLONPbFLOfcE-NPH?WNPfF[RYLOkLONPY;b
[#a`k^Z-f{LOfch`LONM[3Z-H-YmGAH
nSfcbFLpUqaI$bFLOH[3Z-fFDFE=fFLObcfFG;]cTLOI$bcNPmLeQSGAfcfFLOI$bcZ-fFLOH/nSH3UGAfF[-LOfcZ-H-YLOH/aH[3NMLeﬃabFLOHYL^]cbFLOKPKPb¦WXLOfF[-LOH=h#]F]FLOHw
[3NMLh=NPb[-LOHﬂE#LOZ-bcNPYLOHnSI3§Z-NM]cNPbcNMGAH#]cbFL^DFE-H-NPILOH|H-NMDFEbfFLaKPNM]cNMLOfcV
af7]cNPH#[5v52Z-fFDFE[3NML

DFEbckLONPbUqdE-NPY;ILONPb
[-LOf/LOHb!WNMDFILOKPbFLOH¨{LOfUqaE-fFLOH\LOfcY;NPV-b]cNMDFEJWXLONPbFLOfcE-NPH¨LOfF]cbch/aKM]/[3NML?g(lAY;KPNMDFE-ILONPbXLONPH#LOf`T-fudk^NM]FLOHT-fFGj
]cTLOI$bcNPmLOH

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-feWXLOKMDFE#L

LOWXLOY;Z-H-YLOH¨IGAh=TLOH#]cNMLOfcbNPH#[-LOh©[3NMLiC$DFE-NMDFEbcTG;]cNPbcNMGAH#LOH
Z-H#[(j!GAfcNMLOHbcNMLOfcZ-H-YLOHh=NPbx[-LOhª_)abcNMLOHbFLOH-IGAT3USh=NPbcYLpU+-E-fcbWXLOfF[-LOHwv

]ﬃIGAH-HbFL/LOfF]cbch/aKM]ﬃH
aADFE-YLOWNMLpj
]FLOHoWXLOfF[-LOHw
[#a/[3Z-fFDFE(LONPH#LaZ#]cfFLONMDFE#LOH#[RYLOH
aZ#LxT-fFG;]cTLOI$bcNPmL

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-ft[3NMLﬃbcE#L^GAfFLObcNM]FDFE
LOfcWeafcbFLObFLOHr{LOfcVL^]F]FLOfcZ-H-YLOHYLOYLOH-VLOfefFLObcfFG;]cTLOI$bcNPmLOH{LOfUqaE-fFLOHNPH[-LOfe_¦fua«3NM]buabF]udADFE-KPNMDFEoYLOHZ-bck^b
WXLOfF[-LOH`IlAH-H#LOHwv¬#LOfcH#LOfWZ-fF[-LOH/[3NMLLOHb!WNMDFILOKPbFLOHrQSGAfcfFLOI$bcZ-fcmLOfUqaE-fFLOHLOfUGAKPY;fFLONMDFE`U+-f¦¬-fuaYL^]cbFLOKPKPZ-H-YAj
LOH?aZ-LOfcE
aKPV([-LOfH#LOZ-fFGU+Z-H-I$bcNMGAH#LOKPKMLOH

NPKM[3YLOV-Z-H-Y/mLOfcWXLOH#[-LObv
 
	@; #­
	@;ﬂ<ﬂ"5	!
R+<ﬂ -8
;4u' -	­@
@;,}
t 3,$R" -
<ﬂ#,	`+$-4u9@;, #*<ﬂ -8,@R	 #@R<ﬂ
8
 -)"®J+J #*M4F+<ﬂ#B

mLOH`]ch/aKPK3T
abcNMLOHb¦E#LaA[h`GAbcNMGAH`[3Z-fcNPH-YﬃH#LOZ-fFGjU+Z-H#DObcNMGAH
aK#h`LaA]cZ-fFLOh`LOHbF]Z#]cNPH-Yth/aY;H#LObcNMDefFL^]FGAH
aH#D^L
DaHxKMLaA[ﬃbFGKafcYLXafcbFLpUqaADObF]wNPHxbcE#L¦fFL^]cZ-KPbcNPH-YtaADObcNPm;abcNMGAHh/aT#]GU3bcE#L¦V-fuaNPHwv¥\E#LOfFLaA]]cNPY;H-Nzy
DaHbNPh=T-fFGj
mLOh`LOHbF]eDaH/VLSaADFE-NMLOmL^[/Z#]cNPH-Y7LOKaVGAfuabFL2D^GAfcfFL^DObcNMGAHh`LObcE#G$[-]bcE#L2aT-T-KPNMDabcNMGAHNM]XGU+bFLOH/NPh=T-fuaADObcNMDaK
[3Z#L2bFGbcE#L2KMGAH-Y`DaKMDOZ-KabcNMGAHRbcNPh`L^]fFL^§Z-NPfFL^[5v-!HrbcE-NM]eWXGAfcI3fFLObcfFG;]cTL^DObcNPmLxŁAﬀh`GAbcNMGAHRD^GAfcfFL^DObcNMGAHRh`Lpj
bcE#G$[-]WNPbcE/fFLaKzjqbcNPh`LSTLOfUGAfch/aH#D^LWXLOfFL2[-LOmLOKMGATL^[5NPH`WE-NMDFEbcE#LfFL^§Z-NPfFL^[/DaKMDOZ-KabcNMGAH#]afFLfFL^[3Z#D^L^[
VLOKMGW&;¯GU¦h`LaA]cZ-fFLOh`LOHb2bcNPh`L;v
¬#GAfSb!$T-NMDaK[#abuaA]FLObF]SbcE#Lﬃh`LObcE#G$[RfFL^§Z-NPfFL^]t°AA?xUGAfbcE#L[-Lpj
bFL^DObcNMGAH(GUh`GAbcNMGAHiaH#[i1A;A?7UGAfbcE#LD^GAfcfFL^DObcNMGAHwvnﬀh`G$[-LOK[-L^]FDOfcNPV-NPH-YbcE#LxNPH3#Z#LOH#D^L7GU¦H#GANM]FLGAH
bcE#LeD^GAfcfFL^DObcNMGAH`T-fFG$D^L^[3Z-fFLeWeaA][-LOmLOKMGATL^[`aH#[mLOfcNzy
L^[Z#]cNPH-YtVGAbcE`]cNPhZ-KabFL^[`aH#[=Lp«3TLOfcNPh`LOHbuaK
[#abua3v
nSH?aAD^DOZ-fuaADOoGU¡\A;A£5ªWeaA]S[-LObFLOfch=NPH#L^[oUGAfbcE#LaT-T-KPNMDabcNMGAHiGU)bcE#Lﬃh`LObcE#G$[-]S[-LOmLOKMGATL^[obFGU+Z-H#Dpj
bcNMGAH
aKNPh/aY;NPH-Y#v-¬-Z-fcbcE#LOfch`GAfFLtNPbXNM]e]cE#GWHw$bcE
abXbcE#L2fFL^§Z-NPfFL^[D^GAH#[3NPbcNMGAH#]XUGAfa^mGANM[3NPH-Y/afcbFLpUqaADObF]U+fFGAh
fFLObcfFG;]cTL^DObcNPmLxh`GAbcNMGAHiD^GAfcfFL^DObcNMGAHiDaH-H#GAb2VLtU+Z-Kzy#KPKML^[RWNPbcEiDOZ-fcfFLOHbﬃaAD^§Z-NM]cNPbcNMGAH(]FDFE#LOh`L^]v

L^DaZ#]FLGU
bcE#L=fFLaKzjqbcNPh`L`TLOfUGAfch/aH#D^L/GUebcE#L=T-fFG$D^L^[3Z-fFL^]7[-LOmLOKMGATL^[5wbcE#L=TG;]F]cNPV-NPKPNPb!GUarT-fFL^DONM]FL`T-fFG;]cTL^DObcNPmL
h`GAbcNMGAHD^GAfcfFL^DObcNMGAHRafcNM]FL^]WE-NMDFEoabcbFLOh=T-bF]bFGD^GAh=TLOH#]uabFLUGAfh`GAbcNMGAH/V=h`Gm$NPH-Y7bcE#L2]cKPNMD^LTG;]cNPbcNMGAH#]
aH#[oGAfcNMLOHbuabcNMGAH#]2WNPbcEobcE#LﬃT
abcNMLOHbSE#LaA[5v#¬#GAfbcE#L2y#fF]cbbcNPh`L;-NPbWeaA]S]cE#GWHRbcE
ab2a]cZ3±/DONMLOHbcKP?aAD^DOZ3j
fuabFLxT-fFG;]cTL^DObcNPmLxh`GAbcNMGAHiD^GAfcfFL^DObcNMGAHiDaH?T-fFGm$NM[-LxbcE#LxbcE#L^GAfFLObcNMDaKPKP?Lp«3TL^DObFL^[(aA[3m;aHbuaYL^]tD^GAh=T
afFL^[
bFGofFLObcfFG;]cTL^DObcNPmL`h`LObcE#G$[-]v!bﬃWeaA]aA[-[3NPbcNMGAH
aKPKPﬂ[-LOh`GAH#]cbcfuabFL^[|bcE
abbcE#L=h`LObcE#G$[-][-LOmLOKMGATL^[D^GAZ-KM[
VLﬃ]cZ#D^D^L^]F]U+Z-KPKPraT-T-KPNML^[RNPHRGAbcE#LOf2afFLaA]SGU¦DOKPNPH-NMDaKwNPh/aY;NPH-Y/VLOGAH#[oH#LOZ-fFGjU+Z-H#DObcNMGAH
aK)aT-T-KPNMDabcNMGAH#]v
 	


ﬀﬂﬁﬃ! "$#&%ﬁ(' )
* +-,.%ﬁ/ﬃ!01'2 "ﬁ 3
465
A)*, -8
$J.oA	)+<ﬂ
8
 -)", 7
8
v
8
s2fcZ-H#[3KaYLOH([-LOfh/aY;H#LObcNM]FDFE#LOH(QﬃLOfcH#]cT-NPH-fFL^]FGAH
aH-kvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv 9
8
v
8
v
8

LOWXLOY;Z-H-Y]cY;KMLONMDFEZ-H-YRLONPH#L^]h/aY;H#LObcNM]FDFE#LOHig(GAh`LOHbF]NPh giaY;H#LObULOKM[vﬃvxvxvﬃv :
8
v
8
v ;=<LONPbcKPNMDFE#L

Hb!WNMDFI$KPZ-H-Yr[-LOfh/aI$fFG;]cIGAT-NM]FDFE#LOH(giaY;H#LObcNM]cNMLOfcZ-H-Y vxvﬃvxvﬃvxvxvﬃv :
8
v
8
v Ł QﬃLOfcH#]cT-NPH-fFL^]FGAH
aH-kovxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv >
8
v
8
v ? SLOKa«#abcNMGAHRZ-H#[

KMG$DFE3js2KMLONMDFEZ-H-YLOH vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8A@
8
v
8
v B ﬃaA]2CT-NPH#L^DFE#Gvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8C8
8
v ;

NPKM[3YLOV-Z-H-Y/NPHR[-LOfSQﬃLOfcH#]cT-NPHbFGAh`GAY;fuaT-E-NML vﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8C8
8
v ;3v
8
tLOfSgiaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-Evxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
;
8
v ;3v ;

fckLOZ-Y;Z-H-YrLONPH#L^]GAfcbF]uaV-E
dH-Y;NPYLOH(giaY;H#LObULOKM[-L^]|vﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
;
8
v ;3v Ł ¥|aE-K[-LOftC$DFE-NMDFEbFLOVLOH#Lvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
Ł
8
v ;3v ? ¬-fFL^§Z#LOH-kOjXZ-H#[R_¦E
aA]FLOH-IG$[3NMLOfcZ-H-Yovxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
Ł
8
v ;3v B 2NML7s2fuaA[3NMLOHbFLOH#L^DFE#GjC$L^§Z#LOH-kvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
?
8
v ;3v D ﬃabFLOH
aI3§Z-NM]cNPbcNMGAHvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
B
8
v ;3v 9 ¥\NPfcI$Z-H-Y`WNML^[-LOfcE#GAKPbFLOfFE2¬j!_¦Z-KM]FLvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
B
8
v ;3v : 2NML

_qjC$L^§Z#LOH-k vxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
D
GH5
A)*, -8
$J/9,$*+*,$JI=+*,8
')8ﬂ<|=:ﬀ 
4
7
;3v
8
{LOfcE
aKPbFLOH([-L^]2stLOE-NPfcH#]VLON5H#LOZ-fFGAH
aKMLOf2nSI$bcNPm$NPbudb vﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
9
;3v
8
v
8
¬-Z-H-I$bcNMGAH#]FLONPH-E#LONPbFLOHi[-L^]2stLOE-NPfcH#]­vxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
:
;3v
8
v ;

KPZ-b#Z-/Z-H#[oE
dh`G$[3$H
ah=NM]FDFE#LnSHb!WXGAfcbU+Z-H-I$bcNMGAH¨vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
>
;3v ; nSZ3±`H#[-LOHRH#LOZ-fFGAH
aKMLOf2nSI$bcNPm$NPbudb¤vﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
>
;3v ;3v
8

KPZ-b2aKM]IlAfcTLOfFLONPYLOH#L^]2QSGAHbcfuaA]cbch=NPbcbFLOKvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
>
;3v ;3v ; ﬃaA]eUg(Sqj

«3TLOfcNPh`LOHb vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK;
@
;3v Ł 2NMLxnSZ#]cWXLOfcbcZ-H-Y?vxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK;
8
;3v Ł3v
8
2NMLﬃ{LOfcWXLOH#[3Z-H-Yr]cbuabcNM]cbcNM]FDFE#LOfMLL^]cbF]\vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK;
8
;3v Ł3v ; QSGAfcfFLOKabcNMGAH(h=NPbSLONPH#LOfSg(G$[-LOKPKzU+Z-H-I$bcNMGAH}vﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK; Ł
;3v Ł3v Ł nSZ#]cWNPfcI$Z-H-YLOHRmGAH?¬NPKPbFLOfcH¢vxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK; Ł
;3v Ł3v ? ﬃaA]2stLOH#LOfuaKON5NPH#LafSg(G$[-LOKtvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK;P?
QR5
A)*,8
$	=%SI6788
	


G"T
Ł3v
8
nSZ#]cWNPfcI$Z-H-YLOHRmGAH

LOWXLOY;Z-H-YLOH vﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK;CB
Ł3v
8
v
8VU
fF]uaADFE#LOH?mGAHXWSV3cLOI$bcVLOWXLOY;Z-H-YLOH vﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK;CB
Ł3v
8
v ; ¥\NPfcI$Z-H-Y`mGAH

LOWXLOY;Z-H-YLOH vxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK;CD
Ł3v ; _¦fcNPH-k^NPT-NMLOKPKML7g(lAY;KPNMDFE-ILONPb2LONPH#LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-ft]FGWNMLYN5NPh=NPbuabcNMGAH#LOH vxvﬃvxvxvﬃvK;&9

*C*   0 #C ,.!0 ﬃﬂ! "ﬁ%ﬁ/   #/( "ﬁ 
	
ﬁﬃ! #"$%SI6788
	

/
o 3$
Q 4
?#v
8

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH vxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxv Ł
8
?#v
8
v
8
C$LOT
afuabcNMGAH#]uaH#]uabckh=NPbIj!2aZ-hjq{LOfUqaE-fFLOH vxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxv ŁC;
?#v
8
v ; sﬃaZ-Aj2LOWbFGAH3jq{LOfUqaE-fFLOHªvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxv Ł;Ł
?#v ; !HbFLOfcTGAKabcNMGAH vﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxv ŁCD
?#v ;3v
8
N5NPH#LafFL!HbFLOfcTGAKabcNMGAHvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxv ŁCD
?#v ;3v ; ]cNPH#Dpj!!HbFLOfcTGAKabcNMGAH\vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxv Ł&9
?#v ;3v Ł Ij!2aZ-hj!!HbFLOfcTGAKabcNMGAH#LOH vxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvR?
@
?#v ;3v ?

NPH3UqaADFE#LOfS{LOfcY;KMLONMDFE?mGAH?!HbFLOfcTGAKabcNMGAH#]FLOfcYLOV-H-NM]F]FLOH&vﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvR?
8
?#v Ł {LOfUqaE-fFLOHRk^Z-fT-fFG;]cTLOI$bcNPmLOH?QSGAfcfFLOI$bcZ-f2[-LOfﬃabFLOH vxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvR?.;
?#v Ł3v
8
tLObFLOI$bcNMGAHRmGAH?giafcILOfcHRh=NPbcbFLOKM] WST-bcNPIrZ-H#[E2G$DFE3U+fFL^§Z#LOH-k vﬃvxvxvﬃvxvﬃvxvﬃvxvR?.;
?#v Ł3v ; tLObFLOI$bcNMGAHRh=NPbcbFLOKM]SGAfcV-NPbuaKMLOfta^m$NPYabFGAfFL^DFE#G;]/vxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvR?Ł
*C*C*     %ﬁ('2 "ﬁ %ﬁ/ ,&'2  ﬁP 
T
>tu6/,@w*+8ﬂ@A"%$#",8
r
	/ﬁﬃ! #"$
	
B3v
8

fcWXLONPbFLOfcZ-H-YZ-H#[

L^]FDFE-KMLOZ-H-NPY;Z-H-Y[-LOf

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvR?.>
B3v
8
v
8

fcWXLONPbFLOfcZ-H-Y [-L^]sﬃaZ-Aj2LOWbFGAH3jq{LOfUqaE-fFLOH#]/U+-f`Y;KMGAV
aKML?!HbFLOH#]cNPbudbF]F]FDFEWeaH3j
I$Z-H-YLOHRvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvKB
@
B3v
8
v ;

DFEbckLONPbUqdE-NPYL

LOfFL^DFE-HZ-H-Y[-LOfMNwl;]cZ-H-Y vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvKBC;
B3v ;

fcWXLONPbFLOfcZ-H-YZ-H#[

L^]FDFE-KMLOZ-H-NPY;Z-H-Y[-LOfS!HbFLOfcTGAKabcNMGAH#]cmLOfUqaE-fFLOHivﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvKBCD
B3v ;3v
8
]cNPH#Dpj!!HbFLOfcTGAKabcNMGAH\vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvKBCD
B3v ;3v ; ¬#GAZ-fcNMLOfj!!HbFLOfcTGAKabcNMGAH vxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvKB&9
B3v Ł stL^]FDFEWNPH#[3NPY;ILONPbt[-LOfSQSGAfcfFLOI$bcZ-f vxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvKD
8
 5
$ #,8

$`')+*,' -	,SI6788
	,	<ﬂ"5$
"Q
D3v
8
LeE#L^GAfFLObcNM]FDFE#L

LObcfuaADFEbcZ-H-YmGAH?]cbuabcNM]cbcNM]FDFE#LOh¢2aZ#]FDFE#LOH vxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvKD;Ł
D3v ; CNPhZ-KabcNMGAH?k^Z-fSnSV-E
dH-Y;NPY;ILONPbSmGAHistLOH
aZ-NPY;ILONPbSZ-H#[o2aZ#]FDFE#LOH¨vﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvKD&9
D3v Ł

«3TLOfcNPh`LOHbFLOKPKML

L^]cbcNPh=hZ-H-Y[-LOftstLOH
aZ-NPY;ILONPb vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxv 9
@
D3v Ł3v
8
SLaKPNM]cNMLOfcZ-H-Y`mGAH?SGAbuabcNMGAH#LOH?[3Z-fFDFE(2fFLOEZ-H-Y[-L^]g(LO;IG$GAfF[3NPH
abFLOH#]c3]cbFLOh`]|v 9
@
D3v Ł3v ; g(L^]F]cZ-H-Y=mGAH WSV3cLOI$bcmLOfF]FDFE-NMLOV-Z-H-YLOH(h=NPbMESNPKzULﬃLONPH#L^]g?NPI$fFGAh`LObFLOfF]c3]cbFLOh`]`vxv 9
8
7 :&++<|,A8iﬁﬀ^*, 3,	 -! -$ 7"7
9$v
8ﬃﬂ
VLOfUqaKPbcZ-H-YLOH?[3Z-fFDFE(!HbFLOfcTGAKabcNMGAH vﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxv 9C9
9$v ;

NPH3UqaKPbcZ-H-YLOH([3Z-fFDFE

NPKM[3fFGAbuabcNMGAH#LOH?VLON5mLOfF]FDFE-NML^[-LOH#LOHi!HbFLOfcTGAKabcNMGAH#]ch`LObcE#G$[-LOH vxv 9 >
9$v Ł

fcE
aKPbcZ-H-Y[-LOfS]cTLOI$bcfuaKMLOHR!HbFLOH#]cNPbudbSVLON5mLOfF]FDFE-NML^[-LOH#LOH(!HbFLOfcTGAKabcNMGAH#]ch`LObcE#G$[-LOH vxvK:
@
9$v ? QSGAH#]FL^§Z#LOH-kLOHRU+-f[3NMLtUg(S¦Z-H#[?afcbFLpUqaI$bU+fFLONMLx!HbFLOfcTGAKabcNMGAH1vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvK:
8
9$v B tLOf

NPH3#Z-/mGAHiC$DFE-NMDFEbcT-fFGy#K)Z-H#[jqKP#DFIL7aZ3U¦LONPH#Lx!HbFLOfcTGAKabcNMGAHvxvﬃvxvxvﬃvxvﬃvxvﬃvxvK:C;
9$v D nSZ#]cWNPfcI$Z-H-YLOH?[-L^] "!
#
j <LOfUqaKPKM]S[-LOfSgiaY;H#LObcNM]cNMLOfcZ-H-Y}vxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvK:P?
9$v 9

LObcfuaY]cV-NPKM[3Z-H-Y/mGAfS[-LOf!HbFLOfcTGAKabcNMGAH¤vxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvK:CD
$
>tu6/,@w*+8ﬂ')+*,' -	,/
	`ﬁﬃ! #"$
$
7
:3v
8
nSV-KaZ3U]FDFE#LOh/a=LONPH#LOfV-NPKM[3V
aA]cNMLOfcbFLOH?T-fFG;]cTLOI$bcNPmLOH

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f(vxvﬃvxvﬃvxvﬃvxvK:&9
:3v ;

DFEbckLONPbUqdE-NPYL7g(LO]FL^§Z#LOH-kLOHRZ-H#[RQSGAh=hZ-H-NPI;abcNMGAH vﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvK:C:
:3v Ł

LOfFL^DFE-HZ-H-Yr[-LOfS_G;]cNPbcNMGAH#]udH#[-LOfcZ-H-YLOHvxvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvK>
@
:3v ? nSH-T
aA]F]cZ-H-Y`[-L^]Sg(LO;IG$GAfF[3NPH
abFLOH#]c3]cbFLOh`]SvﬃvxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvK>
8
F
:3v BKWST-bcNPh/aKML#DFI$IGAT-T-KPZ-H-Y/Z-H#[?CNMDFE#LOfcE#LONPbF]ch`L^DFE
aH-NM]ch`LOHvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK>C;
:3v DRL$T-NM]FDFE#L_)abcNMLOHbFLOHVLOWXLOY;Z-H-YLOHZ-H#[R[-LOfFLOHRT-fFG;]cTLOI$bcNPmLxQSGAfcfFLOI$bcZ-f vﬃvxvﬃvxvﬃvxvxvﬃvK>;Ł
:3v 9 {LOfUqaE-fFLOHRk^Z-f
U
h=YLOEZ-H-Y/mGAH?g(LO;T
aZ#]FLOHRZ-H#[R]FDFE-NMDFEb!WXLONM]FL ta^m$NPYabcNMGAH vxvﬃvxvxvﬃvK>;Ł
:3v : {aKPNM[3NMLOfcZ-H-Y[-L^]{LOfUqaE-fFLOH#]=vxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK>CB
:3v :3v
8
g(L^]F]cZ-H-YLOHRh=NPbS_¦E
aHbFGAh`LOH vﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK>CB
:3v :3v ; !Ho{2NPmG`g(L^]F]cZ-H-YLOH°vxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvK>C>

>t+

|	,) #*,>
4"Q
>3v
8
	 ;jstLONM]cbFLOf1vxvﬃvxvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8A@
Ł
>3v ; CZ#]ckLOT-bcNPV-NPKPNPbudbF]uafcbFLpUqaI$bFLªvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8A@
?
>3v Ł
SH#[-LOfcZ-H-Y/[-L^]KMGAI;aKMLOH?giaY;H#LObULOKM[-L^]vﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8A@
B
>3v ? tdE#LOfcZ-H-Y/[-L^]S]cbuafcfFLOHRQSlAfcTLOfF]vxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8A@
D
>3v B CbFlAfcZ-H-Y[-L^]2CbFLaA[3jCbuabFL vxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8A@
D
>3v D {LOfF]FDFE-NMLOV-Z-H-YLOH(Z-H#[o{LOfckLOfcfcZ-H-YLOH([3Z-fFDFE(gia«3WXLOKPKzjﬂLLOfch`L vﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8A@
:
4
>28
'),		?67$)8ﬂSI6788
	

$
4"4"4
8A@
v
8
SLObcfFG;]cTLOI$bcNPmL

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f vﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8C8C8
8A@
v ;_¦fFG;]cTLOI$bcNPmL

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f vxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8C8
;
8A@
v ŁQtKPNPH-NM]FDFE#LﬃUg(Sqj!ﬃabFLOH vﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8C8
?
8A@
v ?

fcYLOV-H-NM]F]FLaZ-LOfcE
aKPV([-LOf

WFNwSj

NPKM[3YLOV-Z-H-Y\vﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8C8
B
*  %   	ﬁ%ﬁ/-%   ﬃﬂ )2)
4"4

R,	w		,
4 G14
8C8
v
8

DFEbckLONPbUqdE-NPYL7fFLObcfFG;]cTLOI$bcNPmLﬃQSGAfcfFLOI$bcZ-fcmLOfUqaE-fFLOH¢vﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
;
8
8C8
v ;¨stLOH
aZ-NPY;ILONPbSV-NPKM[3V
aA]cNMLOfcbFLOf

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]ch`LObcE#G$[-LOH1vﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
;P?
8C8
v Ł!HbFLOfcTGAKabcNMGAH#]uafcbFLpUqaI$bFL}vﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
;CB
8C8
v ?

NPKM[3V
aA]cNMLOfcbFLxT-fFG;]cTLOI$bcNPmLﬃQSGAfcfFLOI$bcZ-fcmLOfUqaE-fFLOH vﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
;CD
8C8
v BSL^]cNM[3Z
aKML

LOI$bFLﬃ[-LOf

_qj

NPKM[3YLOV-Z-H-YZ-H#[

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f~vxvﬃvxvﬃvxvﬃvxvxvﬃv
8
;C:
8C8
v DnSHWXLOH#[3Z-H-YNPH-H#LOfcE
aKPV?Z-H#[RaZ-LOfcE
aKPV([-LOf

WFNwSj

NPKM[3YLOV-Z-H-Y~vﬃvxvxvﬃvxvﬃvxvﬃvxvxvﬃv
8
ŁC;
4 Gﬀ
	 #<|<ﬂ$! -		8|ﬁ	')*+,@
4 Q T
ﬂM$#C ,&0 #&%(,ﬃ	 ,  " ﬁ )"!
-0 ﬁ# P01'	%ﬁ(' ) 
FF
!{
 
 	

	


ﬀﬂﬁﬃ
  !"#ﬀﬀ	 %$'&(
	) 
#*$
+ ,ﬀ
.-
/	 1032!45&(
67"98  *%
:);"<	 
67	 
3=
>?	  
:032!45&(
67"98  :&(@
+&ﬂ	 ﬂ8 
  !	 A'&(
.=
B%CEDEFHGCED?I5J7FLKﬂD'M7NHF
2NML=¥Z-fckLOKPH[-LOfgiaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E-NMLrKPNMLOYLOH|NPH|[-LOf

HbF[-L^DFI$Z-H-Yi[-L^]xh/aY;H#LObcNM]FDFE#LOHg(Gj
h`LOHbF][-L^]w_¦fFGAbFGAH#]wNPH[-LOHxnebFGAh`]cbcfuaE-Kzj

«3TLOfcNPh`LOHbFLOHmGAHCbFLOfcHxZ-H#[7stLOfcKaADFExNPh OaE-f
8
>C;P?RQ s

F;P?ﬂS!v
nSZ#]cYLOE#LOH#[?mGAHi[3NML^]FLOfxaKM]ﬃCT-NPHiVLOkLONMDFE-H#LObFLOH

NPYLOH#]FDFE
aU+bﬃLOHb!WNMDFILOKPbFL`[3NML`s2fcZ-T-TLmGAHi2aV-N
8
>;Ł&9
LONPH#Lg(LObcE#G$[-L;;VLON
[-LOfh=NPbESNPKzULLONPH#L^]E2G$DFE3U+fFL^§Z#LOH-kOULOKM[-L^]XLONPH#LILOfcH-h/aY;H#LObcNM]FDFE#L2SL^]FGAH
aH-kSLOfckLOZ-Y;b
WNPfF[TQ Sn

ŁC:S!v

KMG$DFEZ-H#[_¦Z-fFD^LOKPKe]cbFLOKPKPbFLOH>UOaE-fFL]cT
dbFLOf7Z-H
aV-E
dH-Y;NPYimGAH#LONPH
aH#[-LOf

«3TLOfcNPh`LOH3j
bFL7mGAfh=NPbx[-LOH#LOHﬂ]cNML[3NML_¦fudkL^]F]cNMGAH#]cVLOWXLOY;Z-H-YLOH|mGAH|CT-NPH#]tNPHﬂ¬#L^]cbcIlAfcTLOfcHH
aADFEWXLONM]FLOH|IGAH-HbFLOH
Q

NOWM?.DVS!+Q _
U
 ?.D(S!v-2NML^]eU+-E-fcbFLtk^Z-h QSGAH-kLOT-b2[-LOfHZ-I$KMLafFLOH?!H#[3Z-I$bcNMGAHwv#2NMLtmGAH

KMG$DFERLOHb!WNMDFILOKzj
bFLOHJLeE#L^GAfcNMLOHJIGAH-HbFLOH
8
>CB
@
mGAHJEtaE-H VLOHZ-bck^b`WXLOfF[-LOHw¦Z-h[3NMLrmGAH NPE-hLOHbF[-L^DFI$bFLOH}CT-NPH#L^DFE#G;]
k^Z(LOfcI$KdfFLOHWQ E2nFE B
@
S!vnSZ3U+Y;fcZ-H#[?[3NML^]FLOft9[-L^LxIGAH-HbFLOHSLOKa«#abcNMGAH#]cT-fFGAkL^]F]FLNPHi¬KP#]F]cNPY;ILONPbFLOHi[3NPfFLOI$b
§Z
aHbcNzy#k^NMLOfcbSWXLOfF[-LOHwv
2NMLiT-E3]cNPI;aKPNM]FDFE#LOH&s2fcZ-H#[3KaYLOH}U+-fR[3NMLQﬃLOfcH#]cT-NPHbFGAh`GAY;fuaT-E-NMLWeafFLOH1[#ah=NPboVLOI;aH-Hbv

]R]FGAKPKPbFL
cL^[-G$DFE;
8
OaE-fFLr[#aZ#LOfcHwV-NM]ﬃah/aA[3NaHmGAfF]FDFE-KPZ-Y#)[3NMLg(LObcE#G$[-LOH [-LOfQﬃLOfcH#]cT-NPH-fFL^]FGAH
aH-kU+-f[3NML
LwZ-h`GAfF[3NaY;H#G;]cbcNPI?k^Z(mLOfcWXLOH#[-LOHXQ n2g-9
8
S!v
!hYOaE-f
8
>&9AŁ`WZ-fF[-LOH[#aH-H?mGAH NaZ-bFLOfcV-Z-fﬃ[3NML7LOfF]cbFLOH
GAfcbF]uaZ3U+YLOKMl;]cbFLOH?g(L^]F]cZ-H-YLOHR[3Z-fFDFE-YLpU+-E-fcbZQ Nwn
U
9AŁVS!v
2G$DFE-h/aKM]
8A@
OaE-fFL=]cT
dbFLOftWeafFLOH|[3NMLLOfF]cbFLOHIGAh=h`LOfck^NMLOKPKMLOH|QﬃLOfcH#]cT-NPHbFGAh`GAY;fuaT-E#LOHLOfcE
dKPbcKPNMDFEwv

]
UGAKPY;bFL7LONPH#L7fuaA]uaHbFL7¥ﬂLONPbFLOfFLOHb!WNMDFI$KPZ-H-Y([-LOf LGAh`GAY;fuaT-E#LOHﬂZ-H#[i[-LOftnSHWXLOH#[3Z-H-Y]ch`lAY;KPNMDFE-ILONPbFLOH ah
h`LOH#]FDFE-KPNMDFE#LOHQSlAfcTLOfvwnSZ3U+Y;fcZ-H#[[-L^]ﬃE#LOfcmGAfcfuaYLOH#[-LOH stLOWXLOVLOIGAHbcfuaA]cbFL^]WZ-fF[-LOHﬂ[3NML=QﬃLOfcH#]cT-NPHbFGj
h`GAY;fuaT-E#LOH?k^ZRWNMDFEbcNPYLOH2NaY;H#G;]FLONPH#]cbcfcZ-h`LOHbFLOHi[-LOf2g(L^[3NPk^NPHw#[3NMLﬃE#LOZ-bFLxNPH=cL^[-LOh Y;fFlALOfFLOHiQtfuaH3j
ILOH-E
aZ#]/k^Z-f`{LOfU+-Y;Z-H-Y]cbFLOE#LOHwv¦¥}dE-fFLOH#[[-LOf/T-fcNPH-k^NPT-NMLOKPKML(nSZ3U+V
aZ[-LOfLOfF]cbFLOH}stLOfudbFLoV-NM]/E#LOZ-bFL
LOfcE
aKPbFLOH V-KPNMLOVwWZ-fF[-LOHW[^QﬃLOfcH1\rZ-H#[][CT-NPH1\oaZ#]=[-LOh[-LOZ-bF]FDFE#LOHﬁtah`LOH [-LOf`g(LObcE#G$[-LmLOfF[3fudH-Y;b
Z-H#[o[3Z-fFDFE(giaY;H#LObcfFL^]FGAH
aH-k_^+g(a`XLOfF]FLObck^bv
!H[-LOfLOfF]cbFLOHtLOI;aA[-L[-LOfgiaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E-NMLR]cbuaH#[[3NMLg(GAfcT-E#GAKMGAY;NMLZ-H#[|[-LOfFLOHh`lAYAj
KPNMDFE#]cbE#G$DFE
aZ3U+YLOKMl;]cbFL;IGAHbcfuaA]cbcfFLONMDFE#LoZ-H#[]FDFE-H#LOKPKMLrﬃafF]cbFLOKPKPZ-H-YNPh <LOHbcfcZ-h[-LOf

Hb!WNMDFI$KPZ-H-YLOHwv
g?NPbcbcKMLOfcWXLONPKMLE
abS]cNMDFE?[3NMLgiaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E-NMLk^Z?LONPH#LOf

NPKM[3YLOV-Z-H-Y]ch`G$[#aKPNPbudbtWXLONPbFLOfFLOHbj
WNMDFILOKPb-[3NMLtWXLONPbh`LOE-fk^ZrKMLONM]cbFLOHomLOfch/aY/aKM][3NMLtfFLONPH#LﬃnSV-V-NPKM[3Z-H-Y/aH
abFGAh=NM]FDFE#LOf <
Z#]uah=h`LOH-E
dH-YL;v
<
Z-H#LOE-h`LOH#[/]cbFLOEb[3NMLnSH
aKP3]FLXU+Z-H-I$bcNMGAH#LOKPKMLOfX¬-fuaYL^]cbFLOKPKPZ-H-YLOH/NPh ¬#GAI$Z#][-LOf¬#GAfF]FDFEZ-H-Y#vnSKM]

LONM]cT-NMLOK
]cNPH#[rE-NMLOf

KPZ-b#Z-Aju#_LOfU+Z#]cNMGAH#]jXZ-H#[o2N

Z#]cNMGAH#]ch`L^]F]cZ-H-YLOHRk^ZRH#LOH-H#LOHwv

NPHrYaH-ktH#LOZ#L^]nSHWXLOH#[3Z-H-Y]cYLOV-NMLOb2LOfFl

H#LObFLYWSYa^Wea
8
>C>
@
[3Z-fFDFER[3NML

HbF[-L^DFI$Z-H-Y/[-L^]e]FGAYLOH
aH-HbFLOH
I
KMG$G$[cb7«3$YLOHcdLOmLOK


LOTLOH#[-LOHb

LOI$beQ Wﬃstn >
@
S!v-2NML^]FLOf

WFNwSj

LOI$bVLOWNPfcI$bNPh¯QﬃLOfcH#]cT-NPHV-NPKM[
LONPH#LSE2LOKPKPNPY;ILONPbF]cmLOfudH#[-LOfcZ-H-YimGAH[3Z-fFDFEV-KPZ-bFLObFLOh©stLOWXLOVL`NPH|nSV-E
dH-Y;NPY;ILONPbmGAh C3aZ#LOfF]cbFG

YLOE
aKPbv
ﬃaSH#LOZ-fFGAH
aKMLnSI$bcNPm$NPbudb)NPh stLOE-NPfcH=h=NPbLOfcE#lAEbFLOf2Z-fFDFEV-KPZ-bcZ-H-YmLOfcV-Z-H#[-LOH`NM]cbWeafL^])HZ-H`h`lAY;KPNMDFEw
SLOY;NMGAH#LOHNPh stLOE-NPfcHk^ZﬂNM[-LOHbcNzy#k^NMLOfFLOHw[3NML=k^Z-h

LONM]cT-NMLOKXaH EtaH#[3VLOWXLOY;Z-H-YLOHG$[-LOf[-LOfﬃm$NM]cZ#LOKPKMLOH
¥|aE-fcH#LOE-hZ-H-YRVLObFLONPKPNPY;bx]cNPH#[5v

NM]tk^Z[3NML^]FLOh <LONPbcT-Z-H-I$bﬃ]cbuaH#[?U+-fﬃ]FGAKMDFE#L¬-fuaYL^]cbFLOKPKPZ-H-YLOHﬂHZ-fx[3NML
 _G;]cNPbcfFGAH#LOH#LOh=NM]F]cNMGAH#]cbFGAh`GAY;fuaT-E-NMLW^+_

L `7]FGWNMLo[3NMLrg(L^]F]cZ-H-Y(mGAHstLOE-NPfcH#]cbcfFlAh`LOHJ[3Z-fFDFE

KMLOI$bcfFGj
Z-H#[JgiaY;H#LObFG$LOH-kLOT-E
aKMGAY;fuaT-E-NMLW^

s  g

s `k^Z-f={LOfU+-Y;Z-H-Y#v

NPH_

LXj

«3TLOfcNPh`LOHbk^Z-f NwGAI;aKPNzj
]cNMLOfcZ-H-Yo[-LOfth`GAbFGAfcNM]FDFE#LOHﬂnSfFLaKML7[#aZ#LOfcbﬃV-NM]2k^Z(h`LOE-fFLOfFLOHCbcZ-H#[-LOHiZ-H#[iLOfUGAfF[-LOfcbﬃLONPH#LWNML^[-LOfcE#GAKPbFL
!HAcLOI$bcNMGAHrmGAHofuaA[3NMGaI$bcNPmLOHR¥|aA]F]FLOfv

sﬀZ-H#[og

sﬀ]cNPH#[HZ-fVL^[3NPH-Y;bek^Z-f NwGAI;aKPNM]cNMLOfcZ-H-Y=mGAH(stLpj
E-NPfcH3U+Z-H-I$bcNMGAH#LOH|YL^LONPY;H#LObvwg?NPbYESNPKzUL[-L^]

WFNwSj

LOI$bF]ﬃIlAH-H#LOHﬂk^Zﬂ_

L~mLOfcY;KMLONMDFEV
afFL

fcYLOV-H-NM]F]FL
NPH(WXL^]FLOHbcKPNMDFEﬂI$-fckLOfFLOfY<LONPbtLOfck^NMLOKPbtWXLOfF[-LOHwvﬃafc-VLOf2E-NPH
aZ#]t]cbFLOEbtNPH([-LOfSUg(SeLONPH#L7VL^]F]FLOfFL WSfcbF]j
Z-H#[X<LONPbuaZ3
l;]cZ-H-Y/k^Z-f{LOfU+-Y;Z-H-Y#v
!Hr[-LOfstLOE-NPfcH3UGAfF]FDFEZ-H-Y=NM]cbX[3NMLt]FGAYLOH
aH-HbFL ^,H#LOZ-fFGj`qU+Z-H-I$bcNMGAH#LOKPKML

NPKM[3YLOV-Z-H-Yh=NPbegiaY;H#LObcfFL^]FGAH
aH-kOj
bFGAh`GAY;fuaT-E-NML ^Ug(SH`k^ZﬂLONPH#LOh CbuaH#[#afF[YLOWXGAfF[-LOHZ-H#[E
abx_

L°NPh

LOfFLONMDFE|mGAH|nSI$bcNPm$NMLOfcZ-H-Y]j
Lp«3TLOfcNPh`LOHbFLOHUqaA]cb7mGAKPKM]cbudH#[3NPYmLOfF[3fudH-Y;bv¦!H[-LOHKMLObck^bFLOHXOaE-fFLOHy#H#[-LObNPHWeaADFE#]FLOH#[-LOh
U
hUqaH-Y
LONPH#L7I$KPNPH-NM]FDFE#L7nSHWXLOH#[3Z-H-YR[-LOfSUg(Se]cbuabcbv

LONM]cT-NMLOKM]cWXLONM]FL7IlAH-H#LOH?U+Z-H-I$bcNMGAH#LOKPK)WNMDFEbcNPYL=nSfFLaKMLNPh
stLOE-NPfcH/mGAfLONPH#LOf WSTLOfuabcNMGAH/NM[-LOHbcNzy#k^NMLOfcbXWXLOfF[-LOHwv

NPH#LVL^]F]FLOfFL_¦KaHZ-H-Y[3Z-fFDFE[3NMLnSV-Y;fFLOH-k^Z-H-Y7mGAH
NM]cNPIG;]cbcfcZ-I$bcZ-fFLOHRWNPfF[R]FGh`lAY;KPNMDFEwv

LON[-LOfU+Z-H-I$bcNMGAH#LOKPKMLOHJgiaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E-NML?WXLOfF[-LOHJ-VLOf`LONPH#LOH <LONPbcfuaZ-hmGAH h`LOE-fFLOfFLOH
g?NPHZ-bFLOH{GAKPZ-h`LOH#[#abFLOH#]udbckLr[-L^]7QSGAT3UL^]aZ3U+YLOH#GAh=h`LOHwv)ﬃaVLONWNPfF[|[#aA]=stLOE-NPfcHZ-HbFLOfF]FDFE-NML^[3KPNMDFE
]cbcNPhZ-KPNMLOfcb]FG`[#a[3Z-fFDFEi[-LOH

WFNwSj

LOI$bFE2LOKPKPNPY;ILONPbF]udH#[-LOfcZ-H-YLOHNPH?[-LOH(ﬃabFLOH#]udbckLOHaZ3U+bcfFLObFLOHwv
2NMLkLONPbcKPNMDFE#LOH E2LOKPKPNPY;ILONPbF]F]FDFEWeaH-I$Z-H-YLOH [-LOfxLONPH-kLOKPH#LOH

NPKM[3T-Z-H-I$bFL=WXLOfF[-LOHﬂh=NPb ESNPKzUL]cbuabcNM]cbcNM]FDFE#LOf
g(LObcE#G$[-LOHﬂaZ#]cYLOWXLOfcbFLOb5Z-hLONPH#LnSZ#]F]uaYL-VLOf2KMGAI;aKML7H#LOZ-fFGAH
aKML=nSI$bcNPm$NPbudb2k^ZibcfFL

LOHwv2NML^]FL7H#LOZ3j
fFGU+Z-H-I$bcNMGAH#LOKPKML`!H3UGAfch/abcNMGAHWNPfF[ﬂaZ3UeLONPHﬂaH
abFGAh=NM]FDFE#L^]

NPKM[i-VLOfcKaYLOfcb5]FGr[#aRLONPH#LlAfcbcKPNMDFE#L

NPH3j
GAfF[3HZ-H-Y[-LOfS!H3UGAfch/abcNMGAHRh`lAY;KPNMDFE?NM]cbv

NPHrLOfcE#LOV-KPNMDFE#L^]e_¦fFGAV-KMLOh VLON
[-LOfUg(S]cNPH#[/QSGAT3U+VLOWXLOY;Z-H-YLOHrWedE-fFLOH#[[-LOfXg(L^]F]cZ-H-Y#v3C$DFE#GAHI$KMLONPH#L
{LOfF]FDFE-NMLOV-Z-H-YLOHmGAHﬂWXLOH-NPYLOH|EZ-H#[-LOfcb7g?NPI$fFGAh`LObFLOfcHww[3NML=YLOfuaA[-L=VLON_)abcNMLOHbFLOHI;aZ-hmLOfch`LONM[3V
af
]cNPH#[5
IlAH-H#LOHik^Zi¬
aKM]FDFE
aZ#]F]uaYLOHiU+-E-fFLOHwv

LOfFLONPbF]2I$Z-fckL <LONPb2H
aADFE[-LOHiLOfF]cbFLOH?Ug(Sqj

«3TLOfcNPh`LOHbFLOH
WZ-fF[-LR[-L^]cE
aKPVJLONPH#LoQSGAfcfFLOI$bcZ-f/[3NML^]FLOf

LOI$bFLrYLpUGAfF[-LOfcbv2NML?C$DFEWNMLOfcNPY;ILONPb/VL^]cbFLOEb`[#aVLON[#afcNPHw
[#a[3NML

LOWXLOY;Z-H-YLOHimGAH?b!$T-NM]FDFE#LOfcWXLONM]FL7WXLOH-NPYLOfﬃaKM]to Z-H#[(ﬃI$KMLONPH#LOf2]cNPH#[5aKM]S[3NMLxfudZ-h=KPNMDFE#L
nSZ3
l;]cZ-H-Y/[-LOfSﬃabFLOH#]udbckL ^qo
	(`pv-¥}dE-fFLOH#[?aZ3U+WXLOH#[3NPYLQSGAfcfFLOI$bcZ-fcmLOfUqaE-fFLOH([-LOZ-bcKPNMDFE#L{LOfj
VL^]F]FLOfcZ-H-YLOHVLOWNPfcILOHIlAH-H#LOHw$]FDFE#LONPbFLOfcbe[3NMLSnSHWXLOH#[3Z-H-Y`]FGWXGAE-K
U+-fX¬#GAfF]FDFEZ-H-Y]ck^WXL^DFILaKM]eaZ#DFENPH
[-LOfI$KPNPH-NM]FDFE#LOH(_¦fua«3NM]SaH?[-LOHRGU+b]cbcZ-H#[-LOH-KaH-YLOHiSL^DFE#LOH-kLONPbFLOHwv
2NML=aKM]tfFLObcfFG;]cTLOI$bcNPmRVLOkLONMDFE-H#LObFLOH

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fcmLOfUqaE-fFLOH[-LObFLOI$bcNMLOfFLOHZ-H#[(IGAfcfcNPY;NMLOfFLOH|[3NML
ﬃabFLOH(H
aADFE[-LOf2g(L^]F]cZ-H-YraH-E
aH#[iLONPH#LOf2nSH
aKP3]FL[-LOf

NPKM[-[#abFLOHi]FLOKPV#]cbSZ-H#[?WXLOfF[-LOHﬂaKM]SV-NPKM[3V
aA]cNMLOfcb
VLOkLONMDFE-H#LObv#!Ho[3NML^]FLOfnSfcVLONPb]FGAKPKMLOHrV-NPKM[3V
aA]cNMLOfcbFL;3fFLObcfFG;]cTLOI$bcNPmLﬃg(LObcE#G$[-LOHo]FG7WXLONPbFLOfFLOHb!WNMDFILOKPb2WXLOfj
[-LOHw[#aoLONPH#L

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fxNPH

DFEbckLONPbxh`lAY;KPNMDFENM]cbvnSZ3UX[-LOhLGAh`GAY;fuaT-E#LOH|]cbFLOE#LOHi[#aH-H
]FDFE#GAH?T
afuaKPKMLOKk^Z-fSg(L^]F]cZ-H-Y`IGAfcfcNPY;NMLOfcbFL7ﬃabFLOHRk^Z-f{LOfU+-Y;Z-H-Y#v
2NML^]mLOfch`LONM[-LOb2LOfcE#LOV-KPNMDFE#LkLONPbcKPNMDFE#L
nSZ3U+WedH#[-L7Z-H#[(LOfcKaZ-V-bﬃL^]
[#aA]2KaZ3ULOH#[-L

«3TLOfcNPh`LOHbxaH-E
aH#[(NPh=h`LOfxaI$bcZ#LOKPKMLOftnSI$bcNPmLOfcZ-H-Y]cI;afcbFLOH
[-L^]`stLOE-NPfcH#]7k^ZmLOfUGAKPYLOHwv

NPH#LSZ
aKPNPbudbF]cIGAHbcfFGAKPKMLo[-LOf=ﬃabFLOH aH-E
aH#[[-LOf

LOWXLOY;Z-H-Y]cT
afuah`LObFLOf
Z-H#[R[-LOfSLOfck^NMLOKPbFLOH(nSI$bcNPm$NMLOfcZ-H-Y=NM]cb]FGVLOfFLONPbF]WedE-fFLOH#[?[-LOfg(L^]F]cZ-H-Y`h`lAY;KPNMDFEwv
2NML?¬¦dE-NPY;ILONPb

LOWXLOY;Z-H-YLOH\NPH

DFEbckLONPbk^Z\[-LObFLOI$bcNMLOfFLOHwXLOfch`lAY;KPNMDFEbrNPH#]cVL^]FGAH#[-LOfFL(aZ#DFE\[3NML

Hbj
WNMDFI$KPZ-H-Y(T-fFG;]cTLOI$bcNPmLOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fch`L^DFE
aH-NM]ch`LOHwv

LONLONPH#LOfT-fFG;]cTLOI$bcNPmLOHQSGAfcfFLOI$bcZ-f7]FGAKPK
LONPH#LtaADFE3U+-E-fcZ-H-Y([-L^]g(LO;IG$GAfF[3NPH
abFLOH#]c3]cbFLOh`]h=NPb7[-LOH|_)abcNMLOHbFLOH-IGAT3U+VLOWXLOY;Z-H-YLOHLOfcfFLONMDFEb7WXLOfj
[-LOHwvw_)abcNMLOHbFLOHVLOWXLOY;Z-H-YLOH bcfFLObFLOH|[#ah=NPbxNPH|[-LOH

NPKM[-LOfcHﬂH-NMDFEbh`LOE-f7aZ3Ucv5tLOH{GAfcbFLONPKLONPH#LOfQSGAfj
fFLOI$bcZ-f=NPH

DFEbckLONPb/LOHbcE
dKPb`[3NML^]FL^]=QSGAH-kLOT-b=NPHbcfcNPH#]cNM]FDFEwv¦{GAH [3NML^]FLOh {LOfUqaE-fFLOH WNPfF[LONPH#LrVL^]F]FLOfFL
U
HbFLOfF[3fc#DFI$Z-H-YmGAHVLOWXLOY;Z-H-Y]cNPH#[3Z-k^NMLOfcbFLOH

LOI$bFLOHLOfcWeafcbFLObv¥}dE-fFLOH#[LONPH#L/T-fFG;]cTLOI$bcNPmL

LOWXLpj
Y;Z-H-Y]cIGAfcfFLOI$bcZ-f]FDFE#GAHJ]FLONPb OaE-fFLOHJNPHJ[-LOf`WNM]F]FLOH#]FDFE
aU+bcKPNMDFE#LOH N5NPbFLOfuabcZ-f/T-fFGAT
aY;NMLOfcb`WNPfF[5¦NM]cb`LONPH#L
taADFE3U+-E-fcZ-H-Y/[-L^]g(LO;IG$GAfF[3NPH
abFLOH#]c3]cbFLOh`]V-NM]cE#LOfH-NMDFEbNPHoYLOH-YLOH#[oE#GAE#LOftstLOH
aZ-NPY;ILONPbYLOKPZ-H-YLOHwv
!h LOfF]cbFLOHLLONPKx[3NML^]FLOfonSfcVLONPbrWNPfF[¨k^Z-H
dADFE#]cboI$Z-fckiNPH}[3NMLgiaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E-NMLﬂZ-H#[}[3NML
 ﬀﬁﬃﬂ ! #"%$'&! () !* +-,./! 01ﬃ '&!23 4ﬂ !5ﬃ)76879;:'&"%ﬂ< >=@?ﬃAB  C"%,EDF"%,,!01G-< ﬃ$)<'H1IAJﬃ  +-ﬃ5#"%*&
* #F  %K; Lﬃ &NMPO>ﬃ31QPRPST$U-  ﬃ V"%*WﬂB"% #!YXZG-< ﬃ$)< Z0["\!$) &C2ﬀﬃ E],G^"\_^"%*WﬂB"% #!Y:'&!G%`a$'!ﬃ ,< b%*cd
"% #"%< e, &f2ﬀﬃ Y$U-  ﬃ EM
 U+Z-H-I$bcNMGAH#LOKPKML

NPKM[3YLOV-Z-H-Y\LONPH-YLpU+-E-fcbv

LOI;aH-HbFLﬂ{LOfUqaE-fFLOH­k^Z-fRfFLObcfFG;]cTLOI$bcNPmLOH­Z-H#[}T-fFG;]cTLOI$bcNPmLOH

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f2WXLOfF[-LOHRNPh k^WXLONPbFLOHXLLONPKLOfcKdZ-bFLOfcbv
2NML2NPh¯2aE-h`LOHo[3NML^]FLOfnSfcVLONPbLOfck^NMLOKPbFLOH

fcYLOV-H-NM]F]FLtZ-H#[rg(L^]F]cZ-H-YLOHUGAKPYLOHrNPh [3fcNPbcbFLOHLLONPK-!HoQxaj
T-NPbFLOK BoWXLOfF[-LOH[3NML`¥ﬂLONPbFLOfFLOHb!WNMDFI$KPZ-H-YLOH[-LOffFLObcfFG;]cTLOI$bcNPmLOHQSGAfcfFLOI$bcZ-f7k^ZLONPH#LOhL^DFEbckLONPbUqdE-NPYLOH
{LOfUqaE-fFLOH([#afcYL^]cbFLOKPKPbv2NML^]SLOfUGAfF[-LOfcb2]FDFE-H#LOKPKMLZ-H#[RbcfFGAbck[-LOh YLOH
aZ#LtLObFLOI$bcNMGAH#]jXZ-H#[?!HbFLOfcTGAKabcNzj
GAH#]ch`LObcE#G$[-LOHwv
2NMLstLOH
aZ-NPY;ILONPbﬃ[-LOf

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAHNM]cb2[#aA]FLeE#LOh/a`mGAHiQxaT-NPbFLOKD3v WSVWXGAE-K

LOWXLOY;Z-H-Y]cIGAfj
fFLOI$bcZ-fFLOHoh=NPbcbcKMLOfcWXLONPKML7]FLONPbF9 OaE-fFLOHoU+-f[3NML2Ug(ST-fFGAT
aY;NMLOfcbWXLOfF[-LOHw#WZ-fF[-LOHRILONPH#L7stLOH
aZ-NPY;ILONPbF]j
h`L^]F]cZ-H-YLOH]FGAH#[-LOfcHHZ-fLONPH3UqaADFE#LoCNPhZ-KabcNMGAH#LOHJ[3Z-fFDFE-YLpU+-E-fcbv)!H[3NML^]FLOf7nSfcVLONPbWNPfF[|[-L^]cE
aKPVLONPH
g(G$[-LOKPKwk^Z-f

L^]FDFE-fFLONPV-Z-H-Yr[-L^]

NPH3#Z#]F]FL^]SmGAH(2aZ#]FDFE#LOHiaZ3U[3NMLtLObFLOI$bcNMGAH(LOHb!WNMDFILOKPbtZ-H#[(aH-E
aH#[
mGAHCNPhZ-KabcNMGAH#LOHJZ-H#[g(L^]F]cZ-H-YLOHYLOT-fc3U+bv)nSH-E
aH#[[-LOf

fcYLOV-H-NM]F]FLrIGAH-HbFLOH H#LOZ#L

fcILOH-HbcH-NM]F]FL
-VLOf[3NML <
Z#]uah=h`LOH-E
dH-YL2YLOWXGAH-H#LOHWXLOfF[-LOHw$[3NMLU+-fXLONPH#LMN5NPh=NPbuabcNMGAHr[-LOfstLOH
aZ-NPY;ILONPbXmLOfuaHb!WXGAfcbj
KPNMDFE?]cNPH#[5v

NPH#L

LObcfuaADFEbcZ-H-Y`mGAHr!HbFLOfcTGAKabcNMGAH#]uafcbFLpUqaI$bFLOH?aZ#]X[-LOh

KPNMDFI$WNPH-ILOK5[-LOfUg(SUGAKPY;bXNPHrQxaT-NPbFLOK	9$v

]WNPfF[/[-LOZ-bcKPNMDFEw3[#ak^Z-fX{LOfch`LONM[3Z-H-YmGAH`ULOE-KMLOfcE
aU+bFLOHr!HbFLOfcTGAKabcNMGAH#]FLOfcYLOV-H-NM]F]FLOHonSH3UGAfF[-LOfcZ-H-YLOH
aHr[3NMLtﬃabFLOHrYL^]cbFLOKPKPbeWXLOfF[-LOHoh#]F]FLOHw3[3NMLSh=NPb[-LOHrE#LOZ-bcNPYLOHonSI3§Z-NM]cNPbcNMGAH#]cbFL^DFE-H-NPILOHoH-NMDFEbfFLaKPNM]cNMLOfj
V
aft]cNPH#[RZ-H#[(]FGAh=NPbSjeH#LOVLOH(WXLONPbFLOfFLOH]FLOI$Z-H#[#dfFLOHinSZ#]cWNPfcI$Z-H-YLOHimGAHi_)abcNMLOHbFLOHVLOWXLOY;Z-H-Y;Z-H-YLOH|j
LONPH#LtT-fFG;]cTLOI$bcNPmLxQSGAfcfFLOI$bcZ-f2[-LOfSﬃabFLOH?LOfUGAfF[-LOfcHwv
2NML

Hb!WNMDFI$KPZ-H-YLONPH#LOfV-NPKM[3V
aA]cNMLOfcbFLOHwXT-fFG;]cTLOI$bcNPmLOH

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-foWNPfF[NPH¨QxaT-NPbFLOK :VLpj
]FDFE-fcNMLOVLOHwv2NML^]FLoV
aZ-baZ3Ux[-LOHg(LObcE#G$[-LOH[-LOf`fFLObcfFG;]cTLOI$bcNPmLOH\QSGAfcfFLOI$bcZ-fraZ3UcvﬃaVLONWXLOfF[-LOH\[3NML
Ug(Sqj!ﬃabFLOH=]FLOKPV#]cb[3NPfFLOI$b¦H
aADFE`NPE-fFLOfnSI3§Z#]cNPbcNMGAH=k^Z-ftLObFLOI$bcNMGAH/[-LOfXaI$bcZ#LOKPKMLOH/_G;]cNPbcNMGAH/[-L^]XstLOE-NPfcH#]
mLOfcWXLOH#[-LObv

]XWXLOfF[-LOH?g(L^]F]cZ-H-YLOHk^Z-f_¦fc3U+Z-H-Y`[-L^]e{LOfUqaE-fFLOH#]eh=NPb ESNPKzUL2mGAHog(LO;T-E
aHbFGAh`LOHRZ-H#[
_¦fFGAV
aH#[-LOH#Lp«3TLOfcNPh`LOHbFLOH?mGAfcYL^]cbFLOKPKPbv32NML2{GAfcbFLONPKMLt[-L^]XT-fFG;]cTLOI$bcNPmLOHonSH#]uabckL^]]FGWNMLt[3NMLSfFL^]cNM[3Z
aKMLOH
¬#LOE-KMLOf3[3NMLﬃaZ#DFEoVLONLONPH#LOf taADFE3U+-E-fcZ-H-Y`[-L^]g(LO;IG$GAfF[3NPH
abFLOH#]c3]cbFLOh`]aZ3U+bcfFLObFLOHrIlAH-H#LOHw3WXLOfF[-LOHoNPH
QxaT-NPbFLOKO>7H
dE#LOfSVLObcfuaADFEbFLObv
nSH#]FDFE-KPNMLOLOH#[oUGAKPYLOH?]FGWXGAE-K)ﬃabFLOHRmGAH(_¦fFGAV
aH#[-LOHaKM]SaZ#DFE(_)abcNMLOHbFLOHw5aH-E
aH#[?[-LOfFLOf2[3NMLﬃ{LOfcVL^]j
]FLOfcZ-H-Yx[-LOf)Ug(Sqj

fcYLOV-H-NM]F]FLXVLON-[-LOf¦{LOfcWXLOH#[3Z-H-Y7[-LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fch`LObcE#G$[-LOHo[-LOh`GAH#]cbcfcNMLOfcb
WNPfF[ ^+QxaT-NPbFLOK
8A@
`pv52NML=¬-fuaYL;5GAVﬂ[3NMLV-NM]cE#LOfﬃHZ-fﬃmLOfchZ-bFLObFLOH|{GAfcbFLONPKML=[-L^]ﬃT-fFG;]cTLOI$bcNPmLOHnSH#]uabckL^]
NPH[-LOf_¦fua«3NM]/k^Z SZ
aKPNPbudbF]cmLOfcVL^]F]FLOfcZ-H-YLOH\U+-E-fFLOHwI;aH-HJE-NMLOf/VLaHb!WXGAfcbFLOboWXLOfF[-LOHwvXtL^]cWXLONPbFLOfFLOH
WXLOfF[-LOHJLONPH-NPYLonSHWXLOH#[3Z-H-YLOH[-LOf`LOHb!WNMDFILOKPbFLOH\g(LObcE#G$[-LOHJaZ-LOfcE
aKPV[-LOf7Ug(StmGAfcYL^]cbFLOKPKPbv

NPH#L
2NM]cI$Z#]F]cNMGAHo[-LOf

fcYLOV-H-NM]F]FLﬃZ-H#[RLONPH?nSZ#]cV-KPNMDFIr]FDFE-KPNMLOLOH([3NMLxnSfcVLONPbNPh m$NMLOfcbFLOH LLONPK)aVwv
 
 7)(

]  
B
,  .7( 

]       
   Y 	  
!H[-LOHnSV#]FDFE-H-NPbcbFLOH[3NML^]FL^]QxaT-NPbFLOKM]WXLOfF[-LOH[3NMLT-E3]cNPI;aKPNM]FDFE#LOH`s2fcZ-H#[3KaYLOH7[-LOfh/aY;H#LObcNM]FDFE#LOH=QﬃLOfcH3j
]cT-NPH-fFL^]FGAH
aH-k ^ SZ#DOKMLafgiaY;H#LObcNMDxSL^]FGAH
aH#D^L
 2g(a`I$Z-fckﬃk^Z#]uah=h`LOH-YLpUqa;bv
!h nSH#]FDFE-KPZ-/[#afuaH
WNPfF[([3NML¬-Z-H-I$bcNMGAH#]cWXLONM]FLLONPH#L^]tgiaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E#LOH ^+giaY;H#LObj!SL^]FGAH
aH-kOjﬂLGAh`GAY;fuaT-E-NML

g( L `/LOfcKdZ-bFLOfcb[-LOfoh=NPbESNPKzULi[-LOfoQﬃLOfcH#]cT-NPH-fFL^]FGAH
aH-kC$DFE-H-NPbcbcV-NPKM[-LOf([-L^]rh`LOH#]FDFE-KPNMDFE#LOHﬀQSlAfcTLOfF]
LOfckLOZ-Y;bv

NPH\aZ#]U+-E-fcKPNMDFE#LOf

NPH#]cbcNMLOYﬂNPHJ[3NML LeE#LOh/abcNPII;aH-HJk^Z-h

LONM]cT-NMLOKNPH Q n

FD
8
S! Q g(n :C;S
Z-H#[XQ E2n2n >C>(SYLpU+Z-H#[-LOHﬂWXLOfF[-LOHwv¬-fx[3NML=VLON[-LOfﬃU+Z-H-I$bcNMGAH#LOKPKMLOH

NPKM[3YLOV-Z-H-Y?WNMDFEbcNPYL/L^DFE#GAT-KaH
afFL

NPKM[3YLOV-Z-H-Y`NM]cbRQ C L >C:VSLONPH#LﬃY;Z-bFLxSLpULOfFLOH-kv


"% (+$'&)*)-9( +-.">@&)*)(-
2
7'8:%;-9(
F
-."%(8cE 7'(#"%-98
/
(&)(
U
H-YLpUqdE-f
#

aKPKMLOfxnebFGAh=ILOfcH#L`VL^]cNPbckLOHﬂLONPH#LOH

NPYLOH#[3fFLOE-NPh=T-Z-KM]

Y;fFlALOf SZ-KPKqv52NML^]FL

NPYLOH#]FDFE
aU+b
WNPfF[(aKM]ﬃCT-NPH?VLOkLONMDFE-H#LOb2Z-H#[RNM]cbSVLON)aKPKMLOH(QﬃLOfcH#LOH(h=NPbSZ-H-YLOfuaA[-LOft_¦fFGAbFGAH#LOH3jG$[-LOf2LOZ-bcfFGAH#LOH-kaE-K
mGAfcE
aH#[-LOHwv
g?NPb[-LOh CT-NPHRNM]cbLONPHoh/aY;H#LObcNM]FDFE#L^]22NPTGAKPh`GAh`LOHb

£imLOfcI$H-T3U+b 

£ ﬀﬁ
ﬃﬂ
^
8
v
8
`
ﬃaVLONNM]cbﬁJ[#aA]]FGAYLOH
aH-HbFLY;$fFGAh/aY;H#LObcNM]FDFE#L{LOfcE
dKPbcH-NM]v¬-f7[3NML`VLONX[-LOf 2g(j

NPKM[3YLOV-Z-H-Y?VLpj
bcfuaADFEbFLObFLOH?_¦fFGAbFGAH#LOHRVLObcfudY;bL^] }"!$#%'&uﬀ()(=gXESkPLﬃv3!HoLONPH#LOh dZ-LOfFLOH?giaY;H#LObULOKM[	
*
E
abLONPH
2NPTGAKPh`GAh`LOHb

£ﬂLONPH#LﬃTGAbFLOHbcNMLOKPKML

H#LOfcY;NML;v#tLOfMEtah=NPKPbFGAH#GATLOfuabFGAf,+ªKaZ-bFLOb 
+  -

£.
*
/-,ﬀﬁ


*$ﬂ
C$LONwNPh¯UGAKPYLOH#[-LOH([#aA]SdZ-LOfFLgiaY;H#LObULOKM[

*
 +0&F0&
*21
	XNPHRkOj!NMDFEbcZ-H-YoaZ#]cYLOfcNMDFEbFLObvﬃah=NPbSLOfcY;NPV-b
]cNMDFE 
+  -,ﬀ
434*215ﬂ
^
8
v ;:`
E~IGAh=hZ-bcNMLOfcbh=NPb6

#
Z-H#[
43
WXLOKMDFE#L`LONPH#LOHmGAKPKM]cbudH#[3NPYLOHC3abck=IGAh=hZ-bcNMLOfFLOH#[-LOfﬀWSTLOfuabFGAfFLOHﬂV-NPKzj
[-LOHwv

NPH§Z
aHbFLOH-h`L^DFE
aH-NM]FDFE#LOf<
Z#]cbuaH#[JKd;b/]cNMDFE[-L^]cE
aKPV[3Z-fFDFEk^WXLONYSZ
aHbFLOH-kaE-KMLOH87tZ-H#[ 
DFE
afuaI$bFLOfcNM]cNMLOfFLOH 

#9
7:&c.;< 
#
#=7>#E?7A@¨	#
9
7:&c.;
43
9
7:&c.;< #^B#
9
7:&c.;
ﬂ
^
8
v Ł:`
ﬃaVLON)I;aH-H aKPKML¥ﬂLOfcbFLk^WNM]FDFE#LOHC-D7Z-H#[7eaH-H#LOE-h`LOHwvw2Z-fFDFE

NPH#]FLObckLOHﬂmGAHs2KMLONMDFEZ-H-Y
8
v ŁNPH
8
v ;7IlAH-H#LOH([3NML

NPYLOHWXLOfcbFL[-LOf2C$DFE-fFl$[3NPH-YLOfcY;KMLONMDFEZ-H-YoVL^]cbcNPh=hbWXLOfF[-LOH 
+
9
7:&c.;E FG
9
7:&c.;
IHKJLFG  -,ﬀ
*215ﬂ
^
8
v ?1`
9
  	
ﬀﬁﬂ
ﬃﬀ
ﬃ
ﬀ !"#%$'&$("

2Z-fFDFEJ[#aA]=dZ-LOfFLrgiaY;H#LObULOKM[|NM]cb[3NMLo"7 @~pjUqaADFE#L

HbuafcbcZ-H-Yﬂ[-LOfh/aY;H#LObcNM]FDFE#LOH

H#LOfcY;NMLOH-NPmLaZ#]
aZ3U+YLOE#GAVLOHwv#2NML2¥ﬂL^DFE#]FLOKPWNPfcI$Z-H-Y/LONPH#L^]h/aY;H#LObcNM]FDFE#LOH?g(GAh`LOHbF]h=NPbLONPH#LOh giaY;H#LObULOKM[oE#LONP;bF<L^Lpj
h/aH-H

LOI$bvA2NMLnSZ#]cWeaE-KPfFLOYLOKPH`KaA]F]FLOH
ﬂ
VLOfcYdH-YLeh=NPb*)	,+ek^ZwvAﬃah=NPbLOfUGAfF[-LOfcH
ﬂ
VLOfcYdH-YL
k^WNM]FDFE#LOH([-LOH SNPmLaZ#][3NML

H#LOfcY;NML-) F 
) F  ﬀ
*21
 /.ﬀ0
ﬂ
^
8
v B:`
!Hi[-LOf2E-NMLOftmGAfcKPNMLOYLOH#[-LOHﬂnSfcVLONPb2WXLOfF[-LOHﬂaZ#]F]FDFE-KPNMLO;KPNMDFE¥|aA]F]FLOfF]cbFG

ILOfcH#L7VLON)LONPH#LOft¬#LOKM[-]cbudfcILmGAH
*21
"&u L VLObcfuaADFEbFLObv!H[3NML^]FLOh¬
aKPKeNM]cb 7 21
#
Z-H#[L^]=Lp«3NM]cbcNMLOfFLOHk^WXLON

H#LOfcY;NMLOk^Z#]cbudH#[-L;v2NML
¬-fFL^§Z#LOH-kﬃ.ﬀ0\LONPH#L^] SZ
aHbF][#aA]/VLONSLONPH#LOh
ﬂ
VLOfcYaH-Y|k^WNM]FDFE#LOH¨[-LOH

H#LOfcY;NMLOH-NPm$NaZ#]oaV-YL^]cbcfuaE-KPb
WNPfF[5wVLObcfudY;b340 6587
#:9
<;'&>=?;?;?gXESk`Z-H#[WNPfF[Nafch`GAfU+fFL^§Z#LOH-kYLOH
aH-Hbv{LOfcH
aADFE-KdA]F]cNPY;b7h/aH
[3NMLi¥ﬂL^DFE#]FLOKPWNPfcI$Z-H-Y\[-LOf(CT-NPH#]oh=NPbFLONPH
aH#[-LOf]FGWXLOfF[-LOH1[3NML

H#LOfcY;NMLOk^Z#]cbudH#[-L|LOHbF]cT-fFL^DFE#LOH#[1[-LOf

GAKPbck^h/aH-HCbuabcNM]cbcNPIrVL^]FLObck^b3Z-H#[RL^]Y;NPKPbU+-f[#aA]{LOfcE
dKPbcH-NM]2[-LOf

L^]FLObck^Z-H-Y]ckaE-KMLOH 
@
G#AB
1DC
#
@
G#AE
1DC
#
 F
BGIHKJL
C:MNO
ﬂ
^
8
v D:`

]xLOfcY;NPV-bx]cNMDFEﬂLONPHYLOfcNPH-YLOf
ﬂ
VLOfF]FDFEZ-oT
afuaKPKMLOKk^Z-h giaY;H#LObULOKM[ﬂaZ#]cYLOfcNMDFEbFLObFLOfh/aY;H#LObcNM]FDFE#LOf72Nzj
TGAKPh`GAh`LOHbFL;v
)Pﬂ)Pﬂ) Q  R  '	%ﬁ(' P'	ﬃ! "  %ﬁ('  "ﬂﬁ( ﬃS 01'	ﬁ( #&  ( "ﬁ   S  "ﬁ	# TS   01'	ﬁ( #?U  "ﬃﬂ/
¬-f2LONPH#LOHRH-NMDFEb2kLONPbuaV-E
dH-Y;NPYLOH§Z
aHbFLOH-h`L^DFE
aH-NM]FDFE#LOH WSTLOfuabFGAfWNML[#aA]S2NPTGAKPh`GAh`LOHb

£Y;NPKPb2[3NML
E2LONM]FLOHVLOfcY]FDFE#L

LOWXLOY;Z-H-Y]cY;KMLONMDFEZ-H-Y 
V
V
J

£  -
H
#W

£ & +YX
ﬂ
¬-fS[-LOH

fcWeafcbcZ-H-Y]cWXLOfcbt[-L^]S2NPTGAKPh`GAh`LOHbF]Y;NPKPbS]FGAh=NPb 
V
V
JZ

£ ;E -
H
#Z	W

£ & +YX?; /-
H
#Z	W
ﬀﬁ

&4-,ﬀﬁ


*
X?;
ﬂ
^
8
v 9`
g?NPb ESNPKzUL7[-LOft{LOfcbuaZ#]FDFEZ-H-Y]cfFLOKabcNMGAH#LOH|U+-ft2fFLOE-NPh=T-Z-KM]FGATLOfuabFGAfFLOHw5k^Z[-LOH#LOHﬂaZ#DFEﬂ[-LOfﬃQﬃLOfcH#]cT-NPH3j
GATLOfuabFGAfSYLOE#lAfcb#LOfcY;NPV-bS]cNMDFE 
V
V
J
Z

£ ;<
Z

£ ;#[ 
*$ﬂ
^
8
v : `

LOh`LOfcILOH#]cWXLOfcb7NM]cb5[#aRh/aHﬂ[3NML^]FLs2KMLONMDFEZ-H-YiaZ#DFE|VLONLONPH#LOfxI$KaA]F]cNM]FDFE#LOH

LObcfuaADFEbcZ-H-YiLONPH#L^]xh/aj
Y;H#LObcNM]FDFE#LOH(g(GAh`LOHbF]SNPHRLONPH#LOh¢Lp«3bFLOfcH#LOH?giaY;H#LObULOKM[RLOfcE
dKPbv
)Pﬂ)P  \  "$#&ﬃﬂ ( ﬀﬁ	#]RXﬃﬂ%ﬁ(' /( ,^S 0  , '_   ( "ﬁ  01'	ﬁ( #& ! ,.%ﬁ('
!H[-LOfeg( LJVLObcfuaADFEbFLObeh/aH/ILONPH#LOHrLONPH-kLOKPH#LOH?CT-NPHw$]FGAH#[-LOfcHLONPHRCT-NPH#LOH#]FLOhV-KML;v
U
HbFLOfe[-LOf{GAfuaZ#]j
]FLObck^Z-H-Y#[#a?[3NML`h/aY;H#LObcNM]FDFE#LOHg(GAh`LOHbFL`H-NMDFEbh=NPbFLONPH
aH#[-LOf7WXL^DFE#]FLOKPWNPfcILOHwNM]cbx[#aA]xh/aY;H#LObcNM]FDFE#L
g(GAh`LOHb

 LONPH#L^]RCT-NPH#LOH#]FLOhV-KML^]RLONPH3UqaADFE}[-LOf

fcWeafcbcZ-H-Y]cWXLOfcb?[-LOf?CZ-h=h`Li[-LOf WSTLOfuabFGAfFLOH­[-LOf
h/aY;H#LObcNM]FDFE#LOHig(GAh`LOHbFL

£`)[-LOfLONPH-kLOKPH#LOHCT-NPH#] 

  a
`
Z

£` ; cbda
`

£`Ie
ﬂ
ESNMLOfcVLON-]cNPH#[7[3NMLX2NPTGAKzj!2NPTGAKzjuﬂOAjZ-H#[[3NML1SZ
aA[3fcZ-TGAKPIGAT-T-KPZ-H-Y[-LOfCT-NPH#])Z-HbFLOfFLONPH
aH#[-LOf¦mLOfcH
aADFE-KdA]j
]cNPY;bwWXGAfF[-LOHwvACNML¦IlAH-H#LOHﬃU+-fw[#aA]wNPh}h`LOH#]FDFE-KPNMDFE#LOHQSlAfcTLOf[-GAh=NPH-NMLOfFLOH#[-L¥|aA]F]FLOfaKM]5mLOfcH
aADFE-KdA]F]cNPY;V
af
I$KMLONPHRYLOYLOH-VLOf2[-LOfF<L^LOh/aH-H?¥ﬂL^DFE#]FLOKPWNPfcI$Z-H-YoaH-YL^]FLOE#LOHRWXLOfF[-LOHwv
 ﬀﬁﬂ
ﬃﬀ
 & ﬂ
ﬁ  

(
 
ﬀ !"
  8$ 
2NMLRgiaY;H#LObcNM]cNMLOfcZ-H-Y 

NM]cb`[-Lpy#H-NMLOfcbraKM]/[#aA]`h/aY;H#LObcNM]FDFE#L?g(GAh`LOHb/T-fFGﬂ{GAKPZ-h`LOH#LONPH-E#LONPbv

LONSLONzj
H#LOh aKPKPYLOh`LONPH#LOHR_¦fFGAVLOIlAfcTLOfe]cNPH#[/]FGWXGAE-K5[#aA]h/aY;H#LObcNM]FDFE#Ltg(GAh`LOHbaKM]eaZ#DFEr[3NML2giaY;H#LObcNM]cNMLOfcZ-H-Y
GAfcbF]uaV-E
dH-Y;NPYLs2fFlALOH 





	<
V

 


	
V
ﬂ
ﬃah=NPb=LOfcY;NPV-b=]cNMDFE [3NML

LOWXLOY;Z-H-Y]cY;KMLONMDFEZ-H-Y[-LOfh/aI$fFG;]cIGAT-NM]FDFE#LOHJgiaY;H#LObcNM]cNMLOfcZ-H-Yh=NPbﬀESNPKzUL/mGAH
8
v :7k^Z 
V





& J\	
V
J
 # 




& J\	#[
*



& J\	
ﬂ
^
8
v >:`
2NMLgiaY;H#LObcNM]cNMLOfcZ-H-YoaHi[-LOfﬃCbFLOKPKML


VL^]FDFE-fFLONPV-bﬃaKM]FG/LONPH#L7_¦fudkL^]F]cNMGAH#]cVLOWXLOY;Z-H-YrZ-h [3NML7nDFE#]FL[-L^]
KMGAI;aKMLOHigiaY;H#LObULOKM[-L^]v!h ¬
aKPK¦LONPH#L^]tIGAH#]cbuaHbFLOHﬂdZ-LOfFLOHﬂgiaY;H#LObULOKM[-L^] 
*
 +0&F0&
*21
	p
WNMLL^]SVLON
[-LOfg( L mLOfcWXLOH#[-LObXWNPfF[5;T-fudkL^[3NMLOfcbe[3NMLgiaY;H#LObcNM]cNMLOfcZ-H-Yh=NPbX[-LOfNafch`GAfU+fFL^§Z#LOH-k2Z-h [3NMLkOj!nDFE#]FL
[-L^]XC3]cbFLOh`]UqaKPKM]]cNMDFEaKPKML2CT-NPH#]NPH/[-LOf]FLOKPVLOH`_¦E
aA]FLOH-KaYLVLpy#H#[-LOHwv2NML^]NM]cbcL^[-G$DFE`NPh 2GAfch/aKzUqaKPK
H-NMDFEbYLOYLOVLOHw]FGS[#a2NPH7[-LOfs2KMLONMDFE-YLOWNMDFEbF]cKaYLeHZ-f¦LONPH#LgiaY;H#LObcNM]cNMLOfcZ-H-YtNPHkOj!NMDFEbcZ-H-YtVL^GAV
aADFEbFLOb
WNPfF[^+]cNMLOE#LﬃnSV#]FDFE-H-NPbcb
8
v
8
v ?1`pv
)Pﬂ)P ! 	 ,.ﬁ K_ ﬂﬁ(,&  	ﬁ(0 ﬁ# 
U
h LONPH#LxQﬃLOfcH#]cT-NPH-fFL^]FGAH
aH-k7k^Z?LOfckLOZ-YLOHw#WNPfF[ok^Z#]udbck^KPNMDFE?k^Z-h IGAH#]cbuaHbFLOHigiaY;H#LObULOKM[
*21
LOHbcKaH-Y
[-LOf/kOj!nDFE#]FLiLONPH\k^NPfcI$Z-KafNPH\[-LOf/«3j

VLOH#L?TGAKafcNM]cNMLOfcbFL^]giaY;H#LObULOKM[
*
1
h=NPbr[-LOfr¬-fFL^§Z#LOH-kﬃ.

LONPH-YL^]cbcfuaE-KPbv#¬-fS[#aA]YL^]uahbFL7dZ-LOfFLxgiaY;H#LObULOKM[
*
 J\	Y;NPKPbS[#aH-H 

*
 J\	E

*
1
# .
 J\	
*
1
#3 .
 J\	
*21
ﬀ
ﬂ
<
Z-f={LOfFLONPH3UqaADFEZ-H-YVLObcfuaADFEbFLOb/h/aHJ[3NML

LOWXLOY;Z-H-Y]cY;KMLONMDFEZ-H-YLOH¨NPHJLONPH#LOhfFGAbcNMLOfFLOH#[-LOH\QSG$GAfF[3NPH
aj
bFLOH#]c3]cbFLOhR[#aA]=]cNMDFEh=NPb=[-LOf¬-fFL^§Z#LOH-k .
­Z-h [3NMLkOj!nDFE#]FLo[-L^] NaVGAfF]c3]cbFLOh`]=[3fFLOEbv)!H LONPH#LOh
h=NPb[-LOf_¦fudkL^]F]cNMGAH#]cfcNMDFEbcZ-H-Y/fFGAbcNMLOfFLOH#[-LOH(C3]cbFLOh¯NM]cbe[3NMLﬃ_¦fudkL^]F]cNMGAH#]cVLOWXLOY;Z-H-Y/LOHbF]cT-fFL^DFE#LOH#[RKaH-YAj
]uah`LOfv5C$GAh=NPbtNM]cb2NPH[3NML^]FLOh C3]cbFLOh H-NMDFEbx[3NMLgiaY;H#LObULOKM[3IGAh=TGAH#LOHbFL
*21
NPH(kOj!NMDFEbcZ-H-YR]cNMDFEbcV
af
]FGAH#[-LOfcHRHZ-f
*ﬂﬁﬃﬃ

*21
- .
 )v#2NML

LOWXLOY;Z-H-Y]cY;KMLONMDFEZ-H-YR[-LOfSgiaY;H#LObcNM]cNMLOfcZ-H-Y`KaZ-bFLObHZ-H 
V

"!
 J\	
V
J
 $# 

!
 J\	#[ 
*ﬂﬁﬃﬃ
 $# 

!
 J\	#[



*
1
*21
- .
 

ﬀ
ﬂ
^
8
v
8A@
`
¬-fS[-LOH(SL^]FGAH
aH-kOUqaKPK'.
  .ﬀ0 8
*21
mLOfF]FDFEWNPH#[-LObﬃ[3NMLxkOj!QSGAh=TGAH#LOHbFL7NPh¢fFGAbcNMLOfFLOH#[-LOHﬂC3]cbFLOh
mGAKPKM]cbudH#[3NPY#v52NML

LOWXLOY;Z-H-Y]cY;KMLONMDFEZ-H-Y
8
v
8A@
VL^]FDFE-fFLONPV-bﬃHZ-HﬂLONPH#L2fFLOEZ-H-YR[-LOfxgiaY;H#LObcNM]cNMLOfcZ-H-YoZ-h
[3NMLj!nDFE#]FL;v2NML^]FLWNPfF[`VLON
LONPH#LOf

NPH#]cbcfuaE-KM[#aZ#LOfJ#
[-L^]k^NPfcI$Z-KafTGAKafcNM]cNMLOfcbFLOHr¬#LOKM[-L^]
*
1
Z-h [-LOH
¬KPNPTWNPH-ILOK%$|YL^[3fFLOEb 
$  
*
1
J#

ﬂ
^
8
v
8C8
`
2NML=giaY;H#LObcNM]cNMLOfcZ-H-Y?[-L^]x_¦fFGAVLOIlAfcTLOfF]xI;aH-H|aKM]FGo[3Z-fFDFE|[3NML=T
aA]F]FLOH#[-L

NPH#]cbcfuaE-KPZ-H-Y?mGAH E2G$DFE3U+fFLpj
§Z#LOH-k?aZ#]`[-LOf`kOj!NMDFEbcZ-H-Y|NPHJ[3NMLr«3j

VLOH#LrYLOI$KaT-T-b`WXLOfF[-LOHwv

H#LOfcYLObcNM]FDFE\LOHbF]cT-fcNMDFEbr[3NML^]`LONPH#LOf
s2KMLONMDFEVL^]FLObck^Z-H-Y\[-LOfoVLONM[-LOH­mGAfcE
aH#[-LOH#LOH

H#LOfcY;NMLOH-NPmLaZ#]v

NPH1]FGAKMDFE#LOfE2¬j!_¦Z-KM]oWNPfF["&Aauj!_¦Z-KM]
YLOH
aH-Hbv)2Z-fFDFE

NPH#]cbcfuaE-KPZ-H-YLONPH#L^]]=Aapj!_¦Z-KM]FL^]WNPfF[[3NML/giaY;H#LObcNM]cNMLOfcZ-H-YiZ-h©]=Aa`YL^[3fFLOEbZ-H#[
NPHmLOfcbcNMLOfcb2[3NMLﬃZ-fF]cT-fc-H-Y;KPNMDFE#L

L^]FLObck^Z-H-Y/[-LOf

H#LOfcY;NMLOH-NPmLaZ#]v
   	
ﬀﬁﬂ
ﬃﬀ
ﬃ
ﬀ !"#%$'&$("

U
h&LONPH=QﬃLOfcH-fFL^]FGAH
aH-k]cNPY;H
aK-k^ZLOfckLOZ-YLOHwWNPfF[7NPh&LONPH3UqaADFE#]cbFLOH`¬
aKPK$h=NPb¦LONPH#LOf E2¬jCT-Z-KMLeLONPH &Aapj!_¦Z-KM]
NPH/LONPH#LOH_¦fFGAVLOIlAfcTLOfXLONPH-YL^]cbcfuaE-KPbv2NMLgiaY;H#LObcNM]cNMLOfcZ-H-Y7T-fudkL^[3NMLOfcbHZ-H/h=NPb[-LOfNafch`GAfU+fFL^§Z#LOH-k2NPH
[-LOfS«3j

VLOH#LZ-h [3NMLkOj!nDFE#]FL[-LOfFNaVGAfF]c3]cbFLOh`]v2NML^]FL_¦fudkL^]F]cNMGAHiNPH#[3Z-k^NMLOfcb2NPHi[-LOf2Z-h=YLOVLOH#[-LOH
E2¬jCT-Z-KMLxLONPH#L7CT
aH-HZ-H-Y#[#aA]QﬃLOfcH-fFL^]FGAH
aH-k]cNPY;H
aKqv
)Pﬂ)P    "ﬃ!00 #& 	ﬁ%ﬁ/ Qﬃ    + ﬃ! "  %ﬁ('2 "ﬁ
C$DFE#GAHrNPHnSV#]FDFE-H-NPbcb
8
v
8
v ;xWZ-fF[-LSmGAHLONPH#LOfs2KMLONMDFE-YLOWNMDFEbF]cKaYLtYL^]cT-fFG$DFE#LOHw$VLON[-LOfX[3NMLSgiaY;H#LObcNM]cNMLpj
fcZ-H-YoHZ-fﬃH#G$DFENPHﬂ[3NMLNMDFEbcZ-H-Y?[-L^]tIGAH#]cbuaHbFLOHdZ-LOfFLOHﬂgiaY;H#LObULOKM[-L^]ﬃkLONPY;bv taADFEﬂLONPH#LOf7CbFlAfcZ-H-Y
[-LOfs2KMLONMDFE-YLOWNMDFEbF]cKaYLﬃ[3Z-fFDFE/kv

vLONPH#LOH &Aauj!_¦Z-KM]W-fF[-LH
aADFEr[-LOfV-NM]cE#LOfcNPYLOH

LOWXLOY;Z-H-Y]cY;KMLONMDFEZ-H-Y
8
v >LONPH#LLOWNPY?aH#[#aZ#LOfcH#[-L=_¦fudkL^]F]cNMGAH(UGAKPYLOHwv

NPH#L=#DFI$ILOE-ftNPH[3NML=s2KMLONMDFE-YLOWNMDFEbF]cKaYL/NM]cb2NPH[-LOf

LOWXLOY;Z-H-Y]cY;KMLONMDFEZ-H-YoH-NMDFEb2LOHbcE
aKPbFLOHw#WNPfF[?aVLOfNPh

«3TLOfcNPh`LOHbSVL^GAV
aADFEbFLObv
tL^]cWXLOYLOH­WZ-fF[-L(mGAH­¬#LOKPNz«

KMG$DFE­LONPH#LiLp«3TGAH#LOHbcNMLOKPKMLﬂSLOKa«#abcNMGAH¨T-E
dH#GAh`LOH#GAKMGAY;NM]FDFEﬀLONPH-YLpU+-E-fcb
^+]cNMLOE#L Q

NOWM?.DVS9`pv
ﬃaVLONWNPfF[(aH-YLOH#GAh=h`LOHw[#a[3NML NdH-Y]ch/aY;H#LObcNM]cNMLOfcZ-H-Y
63
Z-H#[?[3NML SZ#LOfch/aYAj
H#LObcNM]cNMLOfcZ-H-Y

	
k^ZNPE-fFLOHcLOWXLONPKPNPYLOH?s2KMLONMDFE-YLOWNMDFEbF]cKaYLOH
61
V-k^Wxv$]cbcfFLOVLOHwv

KMG$DFELOfcWXLONPbFLOfcbFLﬃ[3NML

LOWXLOY;Z-H-Y]cY;KMLONMDFEZ-H-YLOHk^Z 
V
63
V
J

61
-
63

1
@ 42

[ 
*
	
3
V
63
V
J
 -

	

#
@ 4 

[
*
	

	ﬀﬂ
^
8
v
8
;:`
g?NPbX[3NML^]FLOHos2KMLONMDFEZ-H-YLOHR]cNPH#[`k^WXLONSLOKa«#abcNMGAH#]ckLONPbFLOH
1
Z-H#[ 
#
LONPH-YLpU+-E-fcbXWXGAfF[-LOHwv32NML <LONPb
1
NM]cb
LONPHgia?[#aU+-f5WNML`]FDFE-H#LOKPKX[3NML NdH-Y]ch/aY;H#LObcNM]cNMLOfcZ-H-YiWNML^[-LOfE#LOfcYL^]cbFLOKPKPbWNPfF[5v2NML^]ﬃNM]cbxh=NPbLONPH#LOf

H#LOfcY;NMLaV-YaVLeaH[3NML
U
h=YLOV-Z-H-YmLOfcV-Z-H#[-LOHwvtL^]cWXLOYLOHWNPfF[x[3NML^]FLSLOKa«#abcNMGAH7aZ#DFE7aKM])CT-NPH3js2NPbcbFLOf
SLOKa«#abcNMGAHRVLOkLONMDFE-H#LObv
2Z-fFDFE 
#
WNPfF[r[-LOf{LOfcKPZ#]cb[-LOf SZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-YDFE
afuaI$bFLOfcNM]cNMLOfcbv

NPH#L SZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-Y`NM]cb
VL^GAV
aADFEbcV
afUqaKPKM]t[3NMLVLObFLONPKPNPY;bFLOH|CT-NPH#]ﬃ[3NML^]FLOKPVL7_¦E
aA]FLOH-KaYLVL^]cNPbckLOHwv2Z-fFDFEiYLOYLOH#]FLONPbcNPYL¥ﬂL^DFE3j
]FLOKPWNPfcI$Z-H-YLOH[-LOfﬃCT-NPH#]tLOHbF]cbFLOE#LOHih=NPI$fFG;]cIGAT-NM]FDFE#L7giaY;H#LObULOKM[-]FDFEWeaH-I$Z-H-YLOHwvw2NML^]FLkLOfF]cbFlAfFLOHi[3NML
aH3UqdH-Y;KPNMDFE\mGAfcE
aH#[-LOH#L(_¦E
aA]FLOH-IGAE
dfFLOH-k[-LOfrCT-NPH#]v2NML
SZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-Y [-LOT-E
aA]cNMLOfcbvX2NML^]FLOf

LOI$bWNPfF[?CT-NPH3jCT-NPH(SLOKa«#abcNMGAHoYLOH
aH-HbSZ-H#[oNM]cbLONPH

HbcfFGAT-NML^L

LOI$bv
g?NPbNPE-h NM]cbILONPH#L

H#LOfcY;NMLpj
aV-YaVLﬃmLOfcV-Z-H#[-LOHwv

h=T3UqdH-Y;b¦h/aH`[#aA])QﬃLOfcH-fFL^]FGAH
aH-k]cNPY;H
aK#H
aADFE`LONPH#LOf¦nSH-fFLOY;Z-H-Y#;]FGSWNPfF[=LONPH#LeLp«3TGAH#LOHbcNMLOKPK
aV3UqaKPKMLOH#[-L
C$DFEWNPH-Y;Z-H-Y#
[-LOfe]FGAYLOH
aH-HbFLOHoU+fFLONMLOHr!H#[3Z-I$bcNMGAH#]uaV3UqaKPKL^+¬-fFL^Lt!H#[3Z#DObcNMGAHRtL^Da^
1¬)9 `¦VL^GAV
aADFEbFLObv
2NMLxNPH([-LOf

h=T3UqaH-Y]F]cT-Z-KMLNPH#[3Z-k^NMLOfcbFL=CT
aH-HZ-H-YWNPfF[?[3Z-fFDFEi[3NML_¦fudkL^]F]cNMGAH([-LOf SZ#LOfch/aY;H#LObcNM]cNMLOfj
Z-H-YﬂLOfckLOZ-Y;b¦WXLOKMDFE#Loh=NPbF
B
CTO
I
kLOfUqdKPKPbv¦2NML^]NM]cb2cL^[-G$DFE HZ-f=NPh NM[-LaKPNM]cNMLOfcbFLOH¬
aKPKLONPH#L^]/aV#]FGAKPZ-b
E#GAh`GAYLOH#LOHﬂgiaY;H#LObULOKM[-L^]2YLOYLOVLOHwv!H([-LOftSLaKPNPbudb2m;afcNPNMLOfcbt[#aA]2giaY;H#LObULOKM[(lAfcbcKPNMDFEﬂaZ3U+Y;fcZ-H#[(mGAH
¬#LOKM[3NPH-E#GAh`GAYLOH-NPbudbFLOHﬃ)
*21



	p]FGﬃ[#axZ-HbFLOfF]FDFE-NML^[3KPNMDFE#Lﬃ_¦fudkL^]F]cNMGAH#]U+fFL^§Z#LOH-kLOH[-LOfgiaY;H#LObcNM]cNMLOfcZ-H-Y
LOHbF]cbFLOE#LOHwvX2NML?tLOT-E
aA]cNMLOfcZ-H-Y[-LOf SZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-YWNPfF[]FGVL^]FDFE-KMLOZ-H-NPY;bvX2NMLiCbudfcIL?[3NML^]FL^]

LOI$bF]eE
dH-Y;bmGAHR[-LOffudZ-h=KPNMDFE#LOHR{LOfcbFLONPKPZ-H-Y/[-LOf!H-E#GAh`GAYLOH-NPbudbFLOHiaVwv$¥ﬂLONPbFLOfcE-NPHRVLOWNPfcI$bLOfLONPH#L
KMLONMDFEbFLRnSVWXLONMDFEZ-H-Y|mGAHJ[-LOf=Lp«3TGAH#LOHbcNMLOKPKMLOH <LOfUqaKPKM]FDFE
afuaI$bFLOfcNM]cbcNPIv¦2NMLVL^GAV
aADFEbFLObFLX<LOfUqaKPKM]cIGAH3j
]cbuaHbFL[-LOfZSZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-YWNPfF[oh=NPb "!
#
VLOkLONMDFE-H#LOb 


!
#



#
@ )
*215ﬂ
^
8
v
8
Ł:`
2NML7!H-E#GAh`GAYLOH-NPbudbﬃ[-L^]xs2fcZ-H#[$ULOKM[-L^]2YLOEb2NPhaKPKPYLOh`LONPH#LOHiH-NMDFEbtHZ-fﬃaZ3UX[3NML!h=TLOfULOI$bcNMGAHi[-L^]SVLpj
HZ-bck^bFLOHgiaY;H#LObF]c3]cbFLOh`])k^Z-fc#DFIv;nSZ#DFE`[-LOf¦NPH`[-LOH`giaY;H#LObFLOH`LONPH-YLOV-fuaADFEbFL2_¦fFGAVLOIlAfcTLOf¦I;aH-H`[3Z-fFDFE
]FLONPH#L7h/aY;H#LObcNM]FDFE#LOH

NPYLOH#]FDFE
aU+bFLOHﬂk^Z(KMGAI;aKMLOH¬#LOKM[3mLOfckLOfcfcZ-H-YLOHU+-E-fFLOHwvﬃaA[3Z-fFDFEﬂ]cNPH#[(KMGAI;aKML 
SH3j
[-LOfcZ-H-YLOHR[-LOf "!
#
<LONPbeh`lAY;KPNMDFEwv3¥\NML2]cNMDFENPh UGAKPYLOH#[-LOHoQxaT-NPbFLOKkLONPYLOHrWNPfF[5$NM]cbX[3NML^]e[3NMLxs2fcZ-H#[3KaYL
[-LOfU+Z-H-I$bcNMGAH#LOKPKMLOH

NPKM[3YLOV-Z-H-Y#v
  ] "ﬁ#
* " ﬀ
ﬃ
ﬀ !"#%$'&$("
  ; 
)Pﬂ)P 3 -0 ﬀ_ ﬂﬁ( " 
!H\[-LOfg( L¢Y;NPV-bL^]]FLOE-fm$NMLOKML?g(lAY;KPNMDFE-ILONPbFLOHwLONPH\QﬃLOfcH-fFL^]FGAH
aH-k]cNPY;H
aKﬃh=NPbZ-HbFLOfF]FDFE-NML^[3KPNMDFE#]cbFLOH

NPYLOH#]FDFE
aU+bFLOH|k^Z|LOfckLOZ-YLOHwv

NPH#L`[-LOfVLOI;aH-HbFL^]cbFLOHﬂNM]cb[#aA] EtaE-H ]FDFE#LrCT-NPH#L^DFE#G]^+]cNMLOE#LcQ E2nFE B
@
S!
[#aA]k^Z-f

L^]cbcNPh=hZ-H-Y[-LOf 
#
j <LONPbS[3NMLOHbv
Signal
t
180°90°
TE/2 TE/2
∝exp(-t/T2)
nSV-V-NPKM[3Z-H-Y
8
v
8
3C$DFE#LOh/abcNM]FDFE#LﬃﬃafF]cbFLOKPKPZ-H-Y[-L^]eCT-NPH#L^DFE#G

«3TLOfcNPh`LOHbF]v$2NMLSgiaY;H#LObcNM]cNMLOfcZ-H-YkLOfUqdKPKPb
H
aADFEﬂ[-LOh &Aa_¦Z-KM]ﬃh=NPb""!
#
v52Z-fFDFEﬂ[-LOHJ]=Aa=_¦Z-KM]tWXLOfF[-LOH[3NML`CT-NPH#]ﬃk^Z-f <LONPb"	\fFLOT-E
aA]cNMLOfcbvw2NML
nSh=T-KPNPbcZ#[-Lx[-L^]2CT-NPH#L^DFE#G;]SNM]cb[3Z-fFDFE([3NML
#
<LONPbVL^]cbcNPh=hbv
QtKaT-T-bh/aHh=NPbXLONPH#LOh &Aauj!_¦Z-KM]X[3NMLSgiaY;H#LObcNM]cNMLOfcZ-H-YNPH[3NML«3j

VLOH#L;]FGﬃbcfcNPbcb[SZ#LOfcfFLOKa«#abcNMGAHoaZ3Ucv
2NMLxgiaY;H#LObcNM]cNMLOfcZ-H-Yr[-LOT-E
aA]cNMLOfcb
KdZ3U+b2aKM]FGaZ#]FLONPH
aH#[-LOf ^+]cNMLOE#LxnSV-V-NPKM[3Z-H-Y
8
v
8
`pv
tLOfS¬)9ﬀUqdKPKPb#WNML
NPh­mGAfcE#LOfcYLOE#LOH#[-LOH=nSV#]FDFE-H-NPbcbVL^]FDFE-fcNMLOVLOHwLOfcE#LOV-KPNMDFE=]FDFE-H#LOKPKMLOf¦aVwaKM][3NML[3Z-fFDFE 
#
DFE
afuaI$bFLOfcNM]cNMLOfcbFL
<LOfUqaKPKM]cI$Z-fcmL;v2NMLe_¦E
aA]FLOH#L

LOI$bFL;A[3NMLX[3Z-fFDFE=[3NMLe!H-E#GAh`GAYLOH-NPbudbFLOH`[-L^])giaY;H#LObULOKM[-L^]¦LOHbF]cbFLOE#LOHwA]cNPH#[
fFLOmLOfF]cNPVLOKqv)CbcfuaE-KPb7h/aH|H
aADFELONPH#LOf <LONPb 	 A?LONPH#LOH\]=Aapj!_¦Z-KM]7LONPHw]FGoWNPfF[[3NML/giaY;H#LObcNM]cNMLOfcZ-H-Y#
WNMLSNPHo[-LOfnSV-V-NPKM[3Z-H-YmLOfF[-LOZ-bcKPNMDFEb-Z-h¯[3NML2j!nDFE#]FLt[-L^]XfFGAbcNMLOfFLOH#[-LOHRQSG$GAfF[3NPH
abFLOH#]c3]cbFLOh`]YL^[3fFLOEbv
2NMLok^Z-mGAfraZ#]FLONPH
aH#[-LOfcKaZ3ULOH#[-LOH}_¦E
aA]FLOH\]cbcfFLOVLOHJHZ-HWNML^[-LOf/k^Z#]uah=h`LOHZ-H#[LOfcfFLONMDFE#LOH\VLONS[-LOf

DFE#GAkLONPb 	­WNML^[-LOfLONPH#L`h/a«3NPh/aKML_¦E
aA]FLOH-IGAE
dfFLOH-kZ-H#[|L^]7LOHbF]cbFLOEb[#aA]7]FGAYLOH
aH-HbFLoCT-NPH#L^DFE#G-v
2NMLt[3Z-fFDFE?[3NMLCT-NPH3jCT-NPH?SLOKa«#abcNMGAHomLOfcKMGAfFLOH#L^SZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-Y/WNPfF[rH-NMDFEbSWNML^[-LOfE#LOfcYL^]cbFLOKPKPb

[#aA]

DFE#G/LOfcfFLONMDFEbSVLON 	 [3NMLYE2lAE#Lﬃ[-LOfS[3Z-fFDFE 
#
DFE
afuaI$bFLOfcNM]cNMLOfcbFLOH <LOfUqaKPKM]cI$Z-fcmL;v
!HR[3NML^]FLOf

LObcfuaADFEbcZ-H-YrWZ-fF[-LﬃmLOfcH
aADFE-KdA]F]cNPY;b[#a`H-NMDFEbSHZ-f2[3NML^SZ#LOfcfFLOKa«#abcNMGAHw]FGAH#[-LOfcH(aZ#DFE([3NML
2N

Z#]cNMGAH NPH[-LOf`VLObcfuaADFEbFLObFLOH¨_¦fFGAVLR[3NMLRnSh=T-KPNPbcZ#[-L?[-L^]rCT-NPH#L^DFE#G;]`UL^]cbcKMLOY;bvESNMLOfU+-f/]FLON2aZ3Uﬃ[3NML
WXLONPbFLOfU+-E-fFLOH#[-L N5NPbFLOfuabcZ-fSmLOfcWNML^]FLOHW^Q n

FD
8
S!+Q E2n2n >C>(S9`pv
 
7'$'+*)-.J  (* 7'( +-."
F
-."%(8cE 7'(
24/
>
/
*1"%&1E ;7'-
2NMLV-NM]cE#LOftmGAfcYL^]cbFLOKPKPbFLﬀLL^DFE-H-NPIimLOfcWXLOH#[-LObx[3NML7YL^]uahbFLNPhgiaY;H#LObULOKM[(VLpy#H#[3KPNMDFE#L=_¦fFGAVL7U+-ft[3NML

fckLOZ-Y;Z-H-YR[-L^]xCNPY;H
aKM]v

LON)[-LOf LGAh`GAY;fuaT-E-NML`]FGAKPK¦aVLOfﬃ[#aA]tQﬃLOfcH-fFL^]FGAH
aH-k]cNPY;H
aKlAfcbcKPNMDFE|aZ3U+YLOKMl;]cb
WXLOfF[-LOHwv

]xY;NPV-bm$NMLOKML`g(lAY;KPNMDFE-ILONPbFLOHw

DFE#G;]k^Z|LOfckLOZ-YLOH|Z-H#[|LONPH#L WSfcbF]cIG$[3NMLOfcZ-H-Y(k^ZﬂfFLaKPNM]cNMLOfFLOHwv
nSKPKMLOH{LOfUqaE-fFLOHrNM]cbwcL^[-G$DFErYLOh`LONPHw3[#a E2¬j)Z-H#[os2fuaA[3NMLOHbFLOH-T-Z-KM]FLtYL^]FDFE
aKPbFLObWXLOfF[-LOHwv32NML2QSGAhV-Nzj
H
abcNMGAHﬂaKPKMLOftU+-ft[3NML

NPKM[#aZ3U+H
aE-h`LH#GAb!WXLOH#[3NPYLOH_¦Z-KM]FL7NPHiNPE-fFLOhkLONPbcKPNMDFE#LOH <
Z#]uah=h`LOH-E
aH-YRH#LOH-Hb
h/aH

NPKM[3YLOV-Z-H-Y]F]FL^§Z#LOH-kv
 \  	
ﬀﬁﬂ
ﬃﬀ
ﬃ
ﬀ !"#%$'&$("

)P ﬀPﬂ) - ,   01'	ﬁ( #C,&  	ﬁ(0 ﬁ# # S 2'2,&0%_ 
2NMLE#LOZ-bcNPYLOH(IGAh=h`LOfck^NMLOKPKMLOHgiaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E#LOH|]cNPH#[RNPhdE-H-KPNMDFE(k^Zi[-LOH?NPH([-LOft_¦E3]cNPI
Z-H#[E#LOh=NMLVLOHZ-bck^bFLOH 2g(jCTLOI$bcfFGAh`LObFLOfcHaZ3U+YLOV
aZ-bVL^]cNPbckLOHﬃcL^[-G$DFE/LONPH-NPYL

fcYdH-k^Z-H-YLOHwv$2NML
m$NMLOfts2fcZ-H#[3V
aZ#]cbFLONPH#LLONPH#L^]giaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E#LOHiWXLOfF[-LOH?NPh¯UGAKPYLOH#[-LOHRI$Z-fckﬃVL^]FDFE-fcNMLOVLOHwv

o
5
A!$*,)<ﬂ -8
tLOfs2fcZ-H#[$ULOKM[3h/aY;H#LObLOfckLOZ-Y;bxLONPHIGAH#]cbuaHbFL^]xgiaY;H#LObULOKM[ih=NPbtE#GAE#LOf
fudZ-h=KPNMDFE#LOf E2GAh`GAYLOH-NPbudbvg?NPbYESNPKzUL[3NML^]FL^]xgiaY;H#LObULOKM[-L^]ﬃNM]cbx[3NML=_GAKafcNM]uabcNMGAH[-LOfxnebFGAh=ILOfcH#L`h=NPb
CT-NPHNPh g(LO;mGAKPZ-h`LOHh`lAY;KPNMDFEwv$2NMLfudZ-h=KPNMDFE#L E2GAh`GAYLOH-NPbudbe[-L^]giaY;H#LObULOKM[-L^]XNM]cb[3Z-fFDFErQSGAH#]cbcfcZ-Ij
bcNMGAHw¬#LOfcbcNPY;Z-H-Y]cbFGAKMLOfuaH-kLOH/]FGWNMLX[3Z-fFDFE#DFI$WNPfcI$Z-H-YLOH=[-L^]
U
HbFLOfF]cZ#DFEZ-H-Y]FGAV3cLOI$bFL^]¦VL^]cbcNPh=hbv2NML
LOfF]cbFLOHRk^WXLON

LOI$bFLﬃWXLOfF[-LOH?[3Z-fFDFE?NPh giaY;H#LObh`GAHbcNMLOfcbFL

NM]FLOHV-KML^DFE#L;[3NMLﬃ]FGAYLOH
aH-HbFLxT
aA]F]cNPmL7CE-Nzj
hZ-H-Y#IGAfcfcNPY;NMLOfcbv
U
hª[3NMLrstLOH
aZ-NPY;ILONPbH#G$DFE|WXLONPbFLOf7k^ZLOfcE#lAE#LOHZ-H#[aZ3U
SH#[-LOfcZ-H-YLOH[3Z-fFDFE[-LOH
_)abcNMLOHbFLOH­fFLaY;NMLOfFLOH¨k^ZIlAH-H#LOHwe]cNPH#[]FGAYLOH
aH-HbFL|CE-NPh`]cT-Z-KMLOH\NPHbFLOY;fcNMLOfcbv2NML^]FL(aI$bcNPmLCE-NPhZ-H-Y
LOfcKaZ-V-b2LONPH#LxQSGAfcfFLOI$bcZ-fS[-L^]SgiaY;H#LObULOKM[-L^]NPHRLOfF]cbFLOfZ-H#[rk^WXLONPbFLOf WSfF[3HZ-H-Y#v

o -	
5
 -),$$	^®w	^$<
g?NPbFESNPKzULx[-L^]ﬃs2fuaA[3NMLOHbFLOH#]c3]cbFLOh`]2IlAH-H#LOH(fudZ-h=KPNMDFEiKPNPH#LafﬃaH#]cbFLONPYLOH3j
[-L <
Z#]uabckOULOKM[-LOfNPHJm;afcNaV-KMLOfRCbudfcILRk^Z#]udbck^KPNMDFE\k^Z-h s2fcZ-H#[$ULOKM[JYLOH#LOfcNMLOfcbWXLOfF[-LOHwveﬃaA[3Z-fFDFE\Kd;b
]cNMDFE\KMGAI;aK2[3NMLNafch`GAfU+fFL^§Z#LOH-kiVL^LONPH3#Z#]F]FLOHwWXG$[3Z-fFDFE}LONPH#L WSfcbF]cIG$[3NMLOfcZ-H-Y [-LOfoCNPY;H
aKMLiaZ#][-LOh
U
HbFLOfF]cZ#DFEZ-H-Y]FGAV3cLOI$b2h`lAY;KPNMDFE?WNPfF[5v

o -	 o5@A"!w$%	^®w	^$<
g?NPb ESNPKzULﬃ[-L^] E2G$DFE3U+fFL^§Z#LOH-k]c3]cbFLOh`]I;aH-H?[3Z-fFDFE(aV-YL^]cbcfuaE-KPbFLYE2¬j
_¦Z-KM]FLi[3NMLiQﬃLOfcH-fFL^]FGAH
aH-k|aH-YLOfFLOY;boWXLOfF[-LOHwve¥ﬂLONPbFLOfcE-NPH}[3NMLOHbR[#aA] E2¬jC3]cbFLOh¤[-LOh

h=T3UqaH-YJ[-LOf
QﬃLOfcH-fFL^]FGAH
aH-k]cNPY;H
aKML;)[3NML`[3NPY;NPbuaKPNM]cNMLOfcbaH|LONPH|SL^DFE-H#LOfF]c3]cbFLOhªWXLONPbFLOfcYLOKMLONPbFLOb7WXLOfF[-LOHwv<
Z-h C$LOH#[-Lpj
Z-H#[

h=T3UqaH-Y]cVLObcfcNMLOVI;aH-Hi[3NML]FLOKPVL`CT-Z-KML7mLOfcWXLOH#[-LObxWXLOfF[-LOHwv
U
hLONPH(h`lAY;KPNMDFE#]cb]cbuafcIL^]xCNPY;H
aK
k^ZLOh=T3UqaH-YLOHwNM]cbXL^]]cNPH-HmGAKPKq$[3NML

h=T3UqaH-Y]F]cT-Z-KMLh`lAY;KPNMDFE#]cbeH
aE#L2aH[3NMLk^Z`Z-HbFLOfF]cZ#DFE#LOH#[-LﬃSLOY;NMGAH
E#LOfuaH-k^Z-V-fcNPH-YLOHwv3tL^]cWXLOYLOHY;NPV-bXL^]¦mLOfF]FDFE-NML^[-LOH#L NwGAI;aKM]cT-Z-KMLOHw[3NML2aH/[3NMLS¬#GAfch mGAHQSGAT3UcQtH-NMLSLObFD;v
aH-YLOT
a;b2]cNPH#[5v

o -	= @A"	^®w	^$<
ﬃaA]SL^DFE-H#LOfF]c3]cbFLOh ]cbFLOZ#LOfcb[-LOHoYL^]uahbFLOH?nSV-KaZ3U)[-LOf
U
HbFLOfF]cZ#DFEZ-H-Y#v

]
]cTLONMDFE#LOfcb7[3NMLmGAh E2¬jC3]cbFLOhªLOh=T3UqaH-YLOH#LOHﬃabFLOHaVZ-H#[VLOfFL^DFE-H#LOb7[#afuaZ#]

NPKM[-LOfw[3NMLU+-fx[3NML
WXLONPbFLOfFL

LafcVLONPbcZ-H-YtYL^]cTLONMDFE#LOfcb)WXLOfF[-LOHwvAnSH7[-LOf

L^[3NMLOH-IGAH#]FGAKMLXWNPfF[7[-LOf)nSV-KaZ3U[-LOf
U
HbFLOfF]cZ#DFEZ-H-Y
YLOT-KaHb#Z-H#[R[3NML

fcYLOV-H-NM]cV-NPKM[-LOfSIlAH-H#LOHiaH-YLOkLONPY;bS]FGWNMLxVLafcVLONPbFLObWXLOfF[-LOHwv
)P ﬀP   ,  "%('	%ﬁ('  "ﬂﬁ(  2,C#P0   ﬁ('	!'2 "ﬁ   01'	ﬁ( #?U  "ﬃﬂ/( 
U
h aKPKML/[3fFLONfudZ-h=KPNMDFE#LOHQSG$GAfF[3NPH
abFLOHJaZ3
l;]FLOH|k^Z|IlAH-H#LOHwwWXLOfF[-LOH[3fFLONmLOfF]FDFE-NML^[-LOH#L LL^DFE-H-NPILOH
VLOHZ-bck^b-[3NMLtaKPKMLt[3Z-fFDFER[#aA]s2fuaA[3NMLOHbFLOH#]c3]cbFLOh fFLaKPNM]cNMLOfcbeWXLOfF[-LOHwv-ﬃaA]s2fuaA[3NMLOHbFLOH#]c3]cbFLOh [-L^]egiaYAj
H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E#LOHiLOfch`lAY;KPNMDFEbSL^]3[-LOh E#GAh`GAYLOH#LOHEtaZ-T-bch/aY;H#LObULOKM[ 
*21
KPNPH#LafFLﬃ¬#LOKM[3Y;fuaA[3Nzj
LOHbFLOHiaZ3U+k^Z-T-fudYLOHwv
¬-fLONPH#L7s2fuaA[3NMLOHbFLOH#]cbudfcIL ~LOfcY;NPV-bS]cNMDFE(aKM]FG=LONPH?GAfcbuaV-E
dH-Y;NPYL^]2giaY;H#LObULOKM[ 

*



& 	E




*21
@ 8#



ﬀ
ﬂ
^
8
v
8
?1`
2NMLCbudfcIL(Z-H#[\¥\NPfcI$Z-H-Y]F[#aZ#LOfr[3NML^]FLOf?s2fuaA[3NMLOHbFLOH}]cNPH#[Z-H
aV-E
dH-Y;NPY mGAH#LONPH
aH#[-LOfoWedE-KPV
afvenSH
[3NML^]FLOfSCbFLOKPKMLﬃ]FGAKPK[#afuaZ3UE-NPH-YLOWNML^]FLOHoWXLOfF[-LOHw-[#a/s2KMLONMDFEZ-H-Y
8
v
8
?=[3NMLtgia«3WXLOKPKPY;KMLONMDFEZ-H-YLOHW^+2NPmLOfj
LOH-kOU+fFLONPE#LONPb;`H-NMDFEbﬃLOfU+-KPKPbv
2NML^]FLYLabF]uaADFE#L7I;aH-HRNPH([-LOf2g(

NPKM[3YLOV-Z-H-YrGU+bmLOfcH
aADFE-KdA]F]cNPY;b2WXLOfF[-LOHwv

LON
[-LOfL^DFE#GAT-KaH
afFLOH

NPKM[3YLOV-Z-H-Y]cNPH#[2cL^[-G$DFE/nSV-V-NPKM[3Z-H-Y]ULOE-KMLOfh`lAY;KPNMDFEw$[3NMLNPH`QxaT-NPbFLOK1>xaZ#]U+-E-fj
KPNMDFE#LOf2LOfcKdZ-bFLOfcbSWXLOfF[-LOHwv
  ] "ﬁ#
* " ﬀ
ﬃ
ﬀ !"#%$'&$("
    
)P ﬀP !  0 ﬃ /( ,    	#C   "ﬁ( 
<
Z-H
dADFE#]cbtWNPfF[(h=NPb ESNPKzUL7[-L^]ﬃs2fuaA[3NMLOHbFLOH#]c3]cbFLOh`]xLONPH#L=C$DFE-NMDFEb7aZ#]t[-LOh g(LO;mGAKPZ-h`LOHﬂaZ#]cYLOWedE-KPbv
ﬃah=NPb2H-NMDFEbx[#aA]2YL^]uahbFL_¦fFGAVLOmGAKPZ-h`LOHh=NPbﬃLONPH#LOh &Aauj!_¦Z-KM]xaH-YLOfFLOY;btWNPfF[5NM]cbSY;KMLONMDFE-kLONPbcNPYRk^Z-h
E2¬j!_¦Z-KM][-LOfoC$DFE-NMDFEbF]FLOKMLOI$bcNMGAH#]cY;fuaA[3NMLOHb?YL^]FDFE
aKPbFLObvX2NML?SL^]FGAH
aH-k^VL^[3NPH-Y;Z-H-Y .
 6.ﬀ0\NM]cb`HZ-f
NPHLONPH#LOf[3-H-H#LOHC$DFE-NMDFEb`LOfU+-KPKPb[3NML]FLOH-I$fFL^DFEb7k^Z-hC$DFE-NMDFEbF]FLOKMLOI$bcNMGAH#]cY;fuaA[3NMLOHbFLOH\KPNMLOY;bvWSE-H#L

Lpj
]FDFE-fudH-I$Z-H-Yr[-LOftnSKPKPYLOh`LONPH-E#LONPbt]FLON[3NML^]FL=C$DFE-NMDFEbtT
afuaKPKMLOK)k^Z-f«3j

VLOH#L;vﬃaA]SfFL^]cZ-KPbcNMLOfFLOH#[-L7¬#LOKM[?NPH
kOj!NMDFEbcZ-H-Y7NM]cb[#aH-H
*23

*21 3
@ 
3
##v$CbcfuaE-KPbXh/aHaKM]FGLONPH#LOHSE2G$DFE3U+fFL^§Z#LOH-k^T-Z-KM]XNPh ¬-fFL^§Z#LOH-kOULOH3j
]cbFLOfﬂ.
-+ )-.LONPHw$]FGﬃNM]cbX[3NMLtC$DFE-NMDFEbcTG;]cNPbcNMGAHR[3Z-fFDFE.
iZ-H#[/[3NMLtC$DFE-NMDFEbF[3NMDFILx[3Z-fFDFE )-.YLOYLOVLOH
^+]cNMLOE#LenSV-V-NPKM[3Z-H-Y
8
v ;:`pv;2Z-fFDFE`[3NMLenSHWXLOH#[3Z-H-Y[-L^]C$DFE-NMDFEbF]FLOKMLOI$bcNMGAH#]cY;fuaA[3NMLOHbFLOHrNM]cb)HZ-H=k^Weaf¦HZ-fLONzj
z
ω
∆ω
ωHF=ω0+γGzz
nSV-V-NPKM[3Z-H-Y
8
v ; C$DFE-NMDFEbF]FLOKMLOI$bcNMGAHﬂ[3Z-fFDFE

NPH#]cbcfuaE-KPZ-H-YmGAH E2G$DFE3U+fFL^§Z#LOH-k
[3NML7aZ3U+Y;fcZ-H#[([-L^]ﬃs2fuaA[3Nzj
LOHbFLOHRHZ-fNPH?LONPH#LOfS[3-H-H#LOHiC$DFE-NMDFEbt[3NML

L^[3NPH-Y;Z-H-Y[-LOfh/aY;H#LObcNM]FDFE#LOHiQﬃLOfcH-fFL^]FGAH
aH-k7LOfU+-KPKPbv
H#L[3-H-H#LtC$DFE-NMDFEbe[3Z-fFDFE[-LOH`LONPH-YL^]cbcfuaE-KPbFLOH E2¬j!_¦Z-KM]aH-YLOfFLOY;bWXGAfF[-LOHw^cL^[-LOfeCT-NPH`fFGAbcNMLOfcbXaZ3U+Y;fcZ-H#[
[-L^]s2fuaA[3NMLOHbFLOHraHtcL^[-LOfXCbFLOKPKMLeh=NPbLONPH#LOfaH#[-LOfFLOH/¬-fFL^§Z#LOH-kvtL^]cE
aKPV=WNPfF[=[3NMLZSZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-Y
[-LOT-E
aA]cNMLOfcbv
2NML^]FL=tLOT-E
aA]cNMLOfcZ-H-Y?I;aH-Hﬂ[3Z-fFDFELONPH#LOHs2fuaA[3NMLOHbFLOH - 
3
Z-H#[ﬂ[-LOfxﬃaZ#LOfﬁJ  ArNPHY;Z-bFLOf tdE#LOfcZ-H-Y
aZ3U+YLOE#GAVLOH\WXLOfF[-LOHwve¬-fr[3NML(Lp«#aI$bFL

fcI$KdfcZ-H-Y ]FLONﬃaZ#DFE\E-NMLOfoaZ3U7[3NML?WXLONPbFLOfU+-E-fFLOH#[-L-N5NPbFLOfuabcZ-f
mLOfcWNML^]FLOHwvenSH#]FDFE
aZ-KPNMDFE}WNPfF[\[-LOfrY;fFlA;bFL LLONPKﬃ[-LOfSZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-YJk^Z-h <LONPbcT-Z-H-I$bJ  ALOfj
kLOZ-Y;bv;¥}dE-fFLOH#[/[-LOffFL^]cbcKPNMDFE#LOH_¦Z-KM]F[#aZ#LOfLOfcE
aKPbFLOH[3NMLSaH-YLOfFLOY;bFLOHRCT-NPH#]LONPH#LGAfcbF]uaV-E
dH-Y;NPYL2_¦E
aA]FL

 1
#
	
 

1

3
V
JOLOHbF]cT-fFL^DFE#LOH#[ [-LOhªk^Z#]udbck^KPNMDFE#LOHKMGAI;aKMLOHgiaY;H#LObULOKM[ 
3
#v2NML^]FL/_¦E
aA]FL`I;aH-H
[3Z-fFDFELONPH#LOHJZ-h=YLOILOE-fcbFLOH}s2fuaA[3NMLOHbFLOHE
aKPVLOf/ﬃaZ#LOf`k^Z-fc#DFI$YLOV-NPKM[-LOb/WXLOfF[-LOHwvgiaH H#LOH-Hb[3NML^]FLOH
s2fuaA[3NMLOHbFLOHiaZ#DFE?SLpUGAI$Z#]F]cNMLOfcZ-H-Y]cY;fuaA[3NMLOHbv
)P ﬀP  ,&  %( "ﬁ#  %ﬁ/ (0 P "ﬁ#/! ,.%ﬁ('
ﬃaA]X_¦fFGAV-KMLOh¯[-LOfMWSfcbF]uaZ3
l;]cZ-H-YWZ-fF[-L2[3Z-fFDFEo[3NMLﬃC$DFE-NMDFEbF]FLOKMLOI$bcNMGAHRmGAHr[3fFLONwaZ3Uwk^WXLON52NPh`LOH#]cNMGAH#LOH
mLOfch=NPH#[-LOfcbv

NPH#L

NPKM[3YLOV-Z-H-Y]F]FL^§Z#LOH-ktW-fF[-L2HZ-Ho[#aA]e!HbFLOY;fuaKw[-LOfegiaY;H#LObcNM]cNMLOfcZ-H-Y=NPHr[-LOfeYLOWedE-Kzj
bFLOHRC$DFE-NMDFEbFLOVLOH#LﬃKPNMLpULOfcHwv
U
h [3NML2fFL^]cbcKPNMDFE#LYWSfcbF]cIG$[3NMLOfcZ-H-Y`[3Z-fFDFE-k^Z3U+-E-fFLOHw3WNPfF[H
aADFEo[-LOfSC$DFE-NMDFEbF]j
LOKMLOI$bcNMGAHRU+-fS[-LOH-<LONPbcfuaZ-h	J`[-LOf2]FGAYLOH
aH-HbFL7_¦E
aA]FLOH-IG$[3NMLOfcY;fuaA[3NMLOHbtYL^]FDFE
aKPbFLObv2NML^]FLOfSKPNMLOY;b2]FLOH-Ij
fFL^DFEbk^Z-h¯C$DFE-NMDFEbF]FLOKMLOI$bcNMGAH#]cY;fuaA[3NMLOHbFLOH
-NPH[3NML^]FLOh ¬
aKPK]FLON
[3NMLj!NMDFEbcZ-H-YYLOWedE-KPbv N5NMLOYLHZ-H/H
aADFE
[-LOfC$DFE-NMDFEbF]FLOKMLOI$bcNMGAH?LONPH#LSIGAH#]cbuaHbFLt_¦E
aA]FL2NPh YL^]uahbFLOH?C$DFE-NMDFEbcmGAKPZ-h`LOH?mGAfv

]eLOfcY;NPV-b]cNMDFEr[3Z-fFDFE
[3NML

NPH#]cbcfuaE-KPZ-H-Y=[-L^]e_¦E
aA]FLOH-IG$[3NMLOfcY;fuaA[3NMLOHbFLOH?LONPH#L2GAfcbF]uaV-E
dH-Y;NPYLt_¦E
aA]FL

 

 
1

	
V
J  v
¬-f[3NML^SZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-YNPHR[-LOftC$DFE-NMDFEb2Y;NPKPbHZ-H 

!

	


	
#KF
`
M

	
ﬂ
^
8
v
8
B:`
  
	
ﬀﬁﬂ
ﬃﬀ
ﬃ
ﬀ !"#%$'&$("

C$DFE-KPNMLO;KPNMDFEﬂWNPfF[(WedE-fFLOH#[[-L^]

h=T3UqaH-Y]ﬃ[-LOf

DFE#G;]ﬃLONPH[3fcNPbcbFLOfs2fuaA[3NMLOHb5[-LOfﬃ¬-fFL^§Z#LOH-k^IG$[3NMLOfcY;fuaj
[3NMLOHb 
ﬃ
3YL^]FDFE
aKPbFLOb#[-LOfNPHR[3NML^]FLOh

LONM]cT-NMLOK5NPHr«$j!NMDFEbcZ-H-Y/KPNMLOY;bvC$LONPH#LﬃnSHWXL^]FLOH-E#LONPbSWedE-fFLOH#[?[-L^]

DFE#G$LOh=T3UqaH-Y]S]FGAfcY;beU+-feZ-HbFLOfF]FDFE-NML^[3KPNMDFE#L Nafch`GAfU+fFL^§Z#LOH-kLOH(LOHbcKaH-Y/[-LOfX«$j!nDFE#]FL 
-[3NMLﬃ_G;]cNPbcNMGAHoNM]cb
aKM]FG([3Z-fFDFEJ[3NML

DFE#GU+fFL^§Z#LOH-koIG$[3NMLOfcbv)¬-f[#aA]LOh=T3UqaH-YLOH#LRstL^]uahbF]cNPY;H
aK ﬀaZ#][-LOf=aH-YLOfFLOY;bFLOH
C$DFE-NMDFEb2Y;NPKPbHZ-H 
 1 & 
ﬃ
	E #

	
#!F
`
M	

E
M

	

V

V

ﬂ
^
8
v
8
D:`
2NML

LOk^NMLOEZ-H-Y
8
v
8
DSKPNMLpULOfcb)[3NMLX¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFL[-LOf¦giaY;H#LObcNM]cNMLOfcZ-H-Y]cmLOfcbFLONPKPZ-H-Y#v&NwLObck^bFLOfFLXI;aH-H
[3Z-fFDFELONPH#LNPHmLOfF]FL¬#GAZ-fcNMLOfcbcfuaH#]UGAfch/abcNMGAH/aZ#]cYLOfFL^DFE-H#LOb)WXLOfF[-LOH ^,m$Y;KqvQxaT-NPbFLOK.?1`pv2Z-fFDFE7WNML^[-LOfcE#GAKPbFL
g(L^]F]cZ-H-YSh=NPbZ-HbFLOfF]FDFE-NML^[3KPNMDFE#LOH/_¦E
aA]FLOH-IG$[3NMLOfcY;fuaA[3NMLOHbFLOH`WXLOfF[-LOH[3NMLXSGAE#[#abFLOH 1 0& 
ﬃ
	5YLOh`L^]F]FLOHwv
tLOf22aZ-hR-NPH([-LOh¢[3NMLSGAE#[#abFLOHiaH3UqaKPKMLOHw#WNPfF[oIj!2aZ-h YLOH
aH-Hbvﬃa`[3NMLxSGAE#[#abFLOH([3NML¬#GAZ-fcNMLOfj
bcfuaH3UGAfch=NMLOfcbFLS[-L^]

NPKM[-L^][#afF]cbFLOKPKMLOHw;WXLOfF[-LOH/[3NML =aKM]¦¥ﬂLOKPKMLOH-kaE-KMLOH`NPHbFLOfcT-fFLObcNMLOfcbv SNML^[3fcNPYLeIjq¥ﬂLOfcbFL
VL^]FDFE-fcNMLOVLOH[#aVLON[3NML`Y;fFGAVLOH WSV3cLOI$bF]cbcfcZ-I$bcZ-fFLOHw[3NML=E#lAE#LOfFLOH¥ﬂLOfcbFL`fFLOT-fudA]FLOHbcNMLOfFLOH|ULONPH#LrCbcfcZ-Ij
bcZ-fFLOHwv¦2NMLoCNPY;H
aKPNPHbFLOH#]cNPbudb`NM]cb7NPh <LOHbcfcZ-h ^ 
ﬃ
  *`[-L^]7Ij!2aZ-h`]7h/a«3NPh/aKq)[#a?E-NMLOf=[-LOf
_¦E
aA]FLOH-IG$[3NMLOfcY;fuaA[3NMLOHbHZ-KPK¦NM]cb2Z-H#[i[-LOfﬃ¬-fFL^§Z#LOH-k^IG$[3NMLOfcY;fuaA[3NMLOHb7[#aA]xCNPY;H
aK)mGAKPKM]cbudH#[3NPYofFLOT-E
aA]cNMLOfcb
E
abv¬-fE#lAE#LOfFL/Ijq¥ﬂLOfcbFL/WNPfF[[3NML/giaY;H#LObcNM]cNMLOfcZ-H-Y[3Z-fFDFE[3NML`NPh=h`LOf7Y;fFlALOfFLOH QSG$[3NMLOfcY;fuaA[3NMLOHbFLOH
k^Z-H#LOE-h`LOH#[-VLOf)[#aA]g(LOGAV3cLOI$bE-NPHWXLOYx[-LOT-E
aA]cNMLOfcbA]FGS[#at[3NMLXLOh=T3UqaH-YLOH#LCNPY;H
aKah=T-KPNPbcZ#[-L]cNPH-I$bv
)P ﬀP 3  ! +-,&0 /! "ﬁ	#C "ﬁ( "      %( "ﬁ# 
tLOfnSV-KaZ3ULONPH#LOf]FGAYLOH
aH-HbFLOHJs2fuaA[3NMLOHbFLOH#L^DFE#GjC$L^§Z#LOH-koNM]cbﬃNPH|nSV-V-NPKM[3Z-H-Y
8
v Ło[#afcYL^]cbFLOKPKPbv2Z-fFDFE
h`LOE-fUqaADFE#Lxg(L^]F]cZ-H-Y7h=NPbeZ-HbFLOfF]FDFE-NML^[3KPNMDFE#LOH(_¦E
aA]FLOH-IG$[3NMLOfcY;fuaA[3NMLOHbFLOHW^ 
	
	p$WNPfF[r[-LOfeIj!2aZ-h¯aV-YLpj
buaA]cbFLObv
Gz
Gy
Gx
Signal
HF
t
TE
nSV-V-NPKM[3Z-H-Y
8
v Ł 
nSV-KaZ3U[3NaY;fuah=h LONPH#LOfﬃs2fuaA[3NMLOHbFLOH#L^DFE#G;]FL^§Z#LOH-kv52-fS[3NMLxnSI3§Z-NM]cNPbcNMGAH?LONPH#L^]

NPKM[-L^]
WXLOfF[-LOH?h`LOE-fFLOfFLs2fuaA[3NMLOHbFLOH#L^DFE#G;]2h=NPbZ-HbFLOfF]FDFE-NML^[3KPNMDFE#LOH_¦E
aA]FLOH-IG$[3NMLOfcY;fuaA[3NMLOHbFLOH ^ 
	
	XLOfckLOZ-Y;bv
<
Z#LOfF]cbWNPfF[=h=NPb[-LOh¯s2fuaA[3NMLOHbFLOH 
3
[#aA]¦{GAKPZ-h`LOH]FLOKMLOI$bcNPm`aH-YLOfFLOY;bvnSH#]FDFE-KPNMLOLOH#[/WNPfF[`[3NMLQﬃLOfcH3j
h/aY;H#LObcNM]cNMLOfcZ-H-Y7h=NPb 
	
T-E
aA]FLOH-IG$[3NMLOfcbZ-H#[=h=NPb 

aZ#]cYLOKML^]FLOHwv_)afuaKPKMLOK
k^Z-h°_¦E
aA]FLOH-IG$[3NMLOfcmGAfcYaH-Y
WNPfF[=h=NPb- 

LONPH`_¦E
aA]FLOH-YaH-YaZ3U+YLOT-fudY;ba^,{GAfcT-E
aA]cNMLOfcZ-H-Y1`p[-LOfWedE-fFLOH#[/[-L^]nSZ#]cKML^]FLONPHbFLOfcm;aKPKM]fFLpj
T-E
aA]cNMLOfcbWNPfF[oZ-H#[ok^Z-h s2fuaA[3NMLOHbFLOH#L^DFE#G`U+-E-fcbv
ﬃaNPH?[3NML^]FLOfﬃC$L^§Z#LOH-kxILONPH]=Aauj!_¦Z-KM]SWNMLﬃVLON[-LOftCT-NPH#L^DFE#GoC$L^§Z#LOH-kxmLOfcWXLOH#[-LOb2WNPfF[5#NM]cbS[3NML^]FL7C$Lpj
§Z#LOH-k "!
#
]FLOH#]cNPbcNPmvA2NML <LONPb)mGAh°nSH-fFLOY;Z-H-Y]cT-Z-KM])V-NM])k^Z=[-LOh <LONPbcT-Z-H-I$baH=[-LOh°[3NMLegiaY;H#LObcNM]cNMLOfcZ-H-Y
fFLOT-E
aA]cNMLOfcbSNM]cb-[-Lpy#H-NMLOfcb2[3NML

DFE#GAkLONPb 	ev
  ] "ﬁ#
* " ﬀ
ﬃ
ﬀ !"#%$'&$("
   
g?NPb2LONPH#LOh nSV-KaZ3U[3NML^]FLOfxC$L^§Z#LOH-k7WNPfF[(LONPH#Lj <LONPKML7[-L^]SIj!2aZ-h`L^]taZ#]cYLOKML^]FLOHw[3NMLh=NPbt[-LOh _¦E
aj
]FLOH-IG$[3NMLOfcY;fuaA[3NMLOHbFLOH aZ#]cYLOWedE-KPb7WZ-fF[-L;v

]]cNPH#[HZ-H ¥\NML^[-LOfcE#GAKPZ-H-YLOHH#lAbcNPY#5Z-hª[-LOHﬂIj!2aZ-h
NPHRLONPH#LOfnSZ3
l;]cZ-H-Y`mGAHﬂ_¦Z-H-I$bFLOHRNPHR_¦E
aA]FLOH-IG$[3NMLOfcfcNMDFEbcZ-H-YRaV-k^Z-buaA]cbFLOHRZ-H#[o[-LOHRIj!2aZ-h¯k^WXLONM[3Nzj
h`LOH#]cNMGAH
aKaV-k^Z-buaA]cbFLOHwv-ﬃaH
aADFEoI;aH-Hrh=NPb ESNPKzUL2LONPH#LOf¬#GAZ-fcNMLOfcbcfuaH#]UGAfch/abcNMGAH(LONPH

NPKM[fFLOIGAH#]cbcfcZ-NMLOfcb
WXLOfF[-LOHwv

NPH

NPKM[3T-Z-H-I$b[-L^]

fcYLOV-H-NM]F]FL^]¦WNPfF[=aKM]){G^«-LOKﬃ^aV-YLOKMLONPbFLObmGAH={FWSKPZ-h`L

NwLOh`LOHbZ-H#[=[-LOh
¥ﬂGAfcbS_¦Nz«-LOKE`XVLOkLONMDFE-H#LObv
)P ﬀP -0 #C "ﬁ(0   % $#& 	ﬁ
<
Z-f¦nSI3§Z-NM]cNPbcNMGAH`[-LOf¦ﬃabFLOHwAWXLOfF[-LOH/[3NMLQﬃLOfcH-fFL^]FGAH
aH-k]cNPY;H
aKMLh=NPb(ESNPKzULeLONPH#LOf(E2¬jCT-Z-KMLLOh=T3UqaH-YLOHwv
U
hªLONPH|h`lAY;KPNMDFE#]cb7]cbuafcIL^]=CNPY;H
aKk^ZLOfcE
aKPbFLOHwwWXLOfF[-LOHGU+b NwGAI;aKM]cT-Z-KMLOHmLOfcWXLOH#[-LOb[3NML`h`lAY;KPNMDFE#]cb
H
aE#LaH[#aA]2k^Z(Z-HbFLOfF]cZ#DFE#LOH#[-L WSV3cLOI$b2YLOV-fuaADFEbxWXLOfF[-LOHwv¥\NMDFEbcNPYoNM]cb[#aoL^]2LONPH#L]cbuafcfFL7_¦E
aA]FLOH3j
IGAT-T-KPZ-H-Yﬃk^WNM]FDFE#LOHrC$LOH#[-LOf¦Z-H#[=[-LOh

h=T3UqdH-YLOfXaZ3U[-LOf¦SL^]FGAH
aH-kOU+fFL^§Z#LOH-kY;NPV-bv

]¦IGAh=h`LOH`[#aVLON
T-E
aA]FLOH#LOh=T3y#H#[3KPNMDFE#L

h=T3UqdH-YLOfXk^Z-h

NPH#]uabck$]FG[#a

LObcfuaY7Z-H#[/_¦E
aA]FLOH-KaYL2[-L^]XSL^]FGAH
aH-k]cNPY;H
aKM]
LOfch=NPbcbFLOKPbWXLOfF[-LOH?IlAH-H#LOHwv
ﬃaA]ﬃLOh=T3UqaH-YLOH#L;waH
aKMGAYLCNPY;H
aK¦WNPfF[iHZ-Hh=NPbx[-LOfxSL^]FGAH
aH-kOU+fFL^§Z#LOH-k=YLOh=NM]FDFEb5Z-h LONPH#L=tLOh`Gj
[3Z-KabcNMGAH[-L^]`CNPY;H
aKM]k^ZVLOWNPfcILOHwv2NML^]7VLOWNPfcI$b7LONPH#L LwfuaH#]UGAfch/abcNMGAHNPH[#aA]fFGAbcNMLOfFLOH#[-LrQSG$GAfF[3Nzj
H
abFLOH#]c3]cbFLOhRvC$DFE-KPNMLO;KPNMDFEWXLOfF[-LOH[3NMLRCNPY;H
aKMLo[3NPY;NPbuaKPNM]cNMLOfcb=Z-H#[k^Z-f=SLOIGAH#]cbcfcZ-I$bcNMGAH h=NPbcbFLOKM]`LONPH#LOf
¬#GAZ-fcNMLOfcbcfuaH#]UGAfch/abcNMGAH(NPHRLONPH#LOh¢SL^DFE-H#LOfF]c3]cbFLOh WXLONPbFLOfcmLOfuafcVLONPbFLObv
2Z-fFDFE?[-LOHRnSZ#]cKML^]FLOY;fuaA[3NMLOHbFLOH 

WNPfF[R[3NMLﬃSL^]FGAH
aH-kOU+fFL^§Z#LOH-kﬃNPh aZ#]ck^Z-KML^]FLOH#[-LOH

LOfFLONMDFE]^+¬NMLOKM[RGU
{2NMLOW 
$¬#GA{ `LOHbcKaH-Y`[-LOfnSZ#]cKML^]FLOfcNMDFEbcZ-H-Y=KPNPH#LafemLOfudH#[-LOfcbv-!H#]cYL^]uahbeWNPfF[rLONPHog(jCNPY;H
aKh=NPb[-LOf

aH#[3V-fFLONPbFL
*
LOfckLOZ-Y;b#[#aA]k^Z 

T-fFGATGAfcbcNMGAH
aKNM]cb 
*
  

	

^
8
v
8
9`
nSZ3U¦[3NML^]FL

aH#[3V-fFLONPbFLxWNPfF[R[#aA]

h=T3UqaH-Y]F]c3]cbFLOh¢LONPH-YL^]cbFLOKPKPbv
U
h¢LONPHiCNPY;H
aKwk^Z?[3NPY;NPbuaKPNM]cNMLOfFLOHw
[#a
[3NML`aH
aKMGAYL`!H3UGAfch/abcNMGAHﬂmGAKPKM]cbudH#[3NPYRfFLOT-fudA]FLOHbcNMLOfFLOH|I;aH-HwhZ-?[3NML=nSV-buaA]cbU+fFL^§Z#LOH-k/LOHbF]cT-fFL^DFE#LOH#[
[-LOh nSV-buaA]cbcbcE#L^GAfFLOh¢h=NPH#[-L^]cbFLOH#]S[-GAT-TLOKPbS]FG7E#G$DFEw-WNMLx[3NMLtE#l$DFE#]cbFLﬃNPh aH
aKMGAYLOHiCNPY;H
aKLOHbcE
aKPbFLOH#L
¬-fFL^§Z#LOH-k^IGAh=TGAH#LOHbFL;v
N5NMLOYLOHLLONPKMLr[-L^]g(LOGAV3cLOI$bF]=aZ-LOfcE
aKPV [-L^]¬#GA{WXLOfF[-LOHE#lAE#LOfFLr¬-fFL^§Z#LOH-kLOHJLOfckLOZ-Y;b`aKM][3Z-fFDFE
s2KMLONMDFEZ-H-Y
8
v
8
97aH-YLOYLOVLOHrWNPfF[5v32NMLt[#afcZ#]XfFL^]cZ-KPbcNMLOfFLOH#[-LOHRnSV-buaA]cbULOE-KMLOfdZ-LOfcHo]cNMDFERaKM]

NPH3UqaKPbcZ-H3j
YLOHwv!H|[-LOHfFLOIGAH#]cbcfcZ-NMLOfcbFLOH g(

NPKM[-LOfcHfuaYLOHJWSV3cLOI$bcVLOfFLONMDFE#L;)[3NMLraZ3US[-LOfLONPH#LOH

NPKM[-]FLONPbFLaZ#]
[-LOh©¬#GA{E#LOfuaZ#]cfuaYLOHweaZ3Ux[-LOfraH#[-LOfFLOH­C$LONPbFLRWNML^[-LOf/NPH\[#aA]

NPKM[JE-NPH#LONPHwvﬃaA[3Z-fFDFE\I;aH-H\L^]`k^Z
ﬂ
VLOfcKaYLOfcZ-H-YLOHﬂk^WNM]FDFE#LOH

NPKM[iZ-H#[i-VLOfUqaKPbFLObFLOf!H3UGAfch/abcNMGAHﬂIGAh=h`LOHwvw¬#GA{ Z-H#[WSV3cLOI$bcTG;]cNPbcNMGAH
h#]F]FLOH?[-L^]cE
aKPVoYL^LONPY;H#LObSYLOWedE-KPbSWXLOfF[-LOHw#Z-h
ﬂ
VLOfUqaKPbcZ-H-YLOHRk^ZomLOfch`LONM[-LOHwv
)P ﬀP    !,%ﬁ(' RX! "/( , 	ﬃ$#C ,    %ﬃP 
!H[-LOfeg( LJWXLOfF[-LOHE2¬j!_¦Z-KM]FLSNPH/I$Z-fckLOfe¬#GAKPYLﬃaZ#]cYL^]FLOH#[-LObZ-h h`lAY;KPNMDFE#]cb]FDFE-H#LOKPKm$NMLOKML2nSV-buaA]cbcZ-H3j
YLOHNPHﬂI$Z-fckLOf <LONPb[3Z-fFDFE3U+-E-fFLOH|k^ZﬂIlAH-H#LOHwv

NM]cE#LOfxWZ-fF[-L`[#a^mGAHaZ#]cYLOYaH-YLOHw[#aR[-LOf E2¬j!_¦Z-KM]
aZ3UxLONPH#LRmGAKPKM]cbudH#[3NPY|fFLOKa«3NMLOfcbFL(giaY;H#LObcNM]cNMLOfcZ-H-YbcfcN

bv2NML^]/NM]cb`VLONSLONPH#LOf]FDFE-H#LOKPKMLOH E2¬j!_¦Z-KM]UGAKPYL
H-NMDFEbh`LOE-fX[-LOf¬
aKPK 
[3NML 
1
j!SLOKa«#abcNMGAH#]ckLONPbI;aH-HﬃcLeH
aADFEostLOWXLOVLOb!$T/h`LOE-fFLOfFLtC$LOI$Z-H#[-LOH/VLObcfuaYLOHwv
ﬃaxVLONWNML^[-LOfcE#GAKPbFLOf

NPH#]cbcfuaE-KPZ-H-Y=mGAH E2¬j!_¦Z-KM]FLOHrH-NMDFEbS[3NML2YL^]uahbFLﬃgiaY;H#LObcNM]cNMLOfcZ-H-Y=fFLOKa«3NMLOfcbeNM]cb
I;aH-HRmGAh UGAKPYLOH#[-LOH E2¬j!_¦Z-KM]SHZ-f2LONPHXLLONPK)[-LOfSk^Z-mGAfSmGAfcE
aH#[-LOH#LOHigiaY;H#LObcNM]cNMLOfcZ-H-YoaH-YLOfFLOY;b2WXLOfj
[-LOH
[#aA]=CNPY;H
aKXWNPfF[]FDFEWedADFE#LOfv taADFELONPH-NPYLOHE2¬j!_¦Z-KM]FLOH]cbFLOKPKPb7]cNMDFELONPH s2KMLONMDFE-YLOWNMDFEbF]ck^Z#]cbuaH#[
^qCbFLaA[3jCbuabFL(`LONPHw[-LOf7mGAH[-LOHSLOKa«#abcNMGAH#]ckLONPbFLOHZ-H#[[-LOh ¬KPNPTWNPH-ILOKSaV-E
dH-Y;NPYiNM]cbv

LONeLONPH#LOf
]FDFE-H#LOKPKMLOHXE2¬j!_¦Z-KM]UGAKPYLﬃNM]cbSL^]]cNPH-HmGAKPKq#h=NPb2nSH-fFLOY;Z-H-Y]cT-Z-KM]FLOH?k^Z(afcVLONPbFLOHw#[3NMLﬃI$KMLONPH#LOftaKM] &Aaﬃ]cNPH#[
^

fcH#]cbjq¥\NPH-ILOKE`pZ-h [#aA]tGAT-bcNPh/aKML`CNPY;H
aK¦k^ZiLOfcE
aKPbFLOHwv

LON¦[-LOfSU+Z-H-I$bcNMGAH#LOKPKMLOHg( L1WXLOfF[-LOHWXLOYLOH
[-LOfXmLOfcY;KPNMDFE#LOHoh=NPb 
1
KaH-YLOH <LONPbek^WNM]FDFE#LOHo[-LOH/U+-fXLONPH#Lt]cTLOk^Nzy
]FDFE#LﬃC$DFE-NMDFEbfFLOKMLOm;aHbFLOH E2¬j!_¦Z-KM]FLOH
   	
ﬀﬁﬂ
ﬃﬀ
ﬃ
ﬀ !"#%$'&$("

h`LONM]cbFLOH#] &Aa_¦Z-KM]FLmLOfcWXLOH#[-LOb
L^]ﬃ]FLON[-L^]cE
aKPV|aZ3Ue[3NML`aH-YLOYLOVLOH#L N5NPbFLOfuabcZ-fxmLOfcWNML^]FLOHwvwtLOH-H#G$DFE
]cT-NMLOKMLOH?]FGAYLOH
aH-HbFLCbFLaA[3jCbuabFL

LOI$bFLﬃVLONw[-LOfU+Z-H-I$bcNMGAH#LOKPKMLOH

NPKM[3YLOV-Z-H-YLONPH#LxSGAKPKML;3WNMLx]cNMDFERNPH
QxaT-NPbFLOK >7kLONPYLOHRWNPfF[5v
)P ﬀP  !  S*
    %( "ﬁ# 
2NML79[-L^L[-L^]

DFE#G_¦KaH
afﬃ!h/aY;NPH-Y ^

_H`VL^]cbFLOEbt[#afcNPHw[3NMLIGAh=T-KMLObcbFL

VLOH#LNPh Ij!2aZ-h [3Z-fFDFE
LONPH#Lxh`G$[3Nzy#k^NMLOfcbFLs2fuaA[3NMLOHbFLOH#L^DFE#G;]FL^§Z#LOH-kh=NPbSHZ-fSLONPH#LOf2LONPH-k^NPYLOHXE2¬j!nSH-fFLOY;Z-H-YraV-k^Z-buaA]cbFLOHW^+]cNMLOE#L
Q g(n 9C9S9`pv¦ﬃaVLONhZ-ﬂ[#aA]=IGAh=T-KMLObcbFLRnSZ#]cKML^]FLONPHbFLOfcm;aKPKNPHJLONPH#LOh <LONPbcfuaZ-h©aV-KaZ3ULOHw¦[-LOf=NPHJ[-LOf
s2fFlALOH#GAfF[3HZ-H-YomGAH "!
#
KPNMLOY;bv5CbuafcIomLOfFLONPH3UqaADFEbtI;aH-H(h/aH([#aA]

_

«3TLOfcNPh`LOHbﬃaKM]2LONPH#LIGAh=T-fcNzj
h=NMLOfcbFLs2fuaA[3NMLOHbFLOH#L^DFE#G;]FL^§Z#LOH-k/aZ

aA]F]FLOHwv#tLOfSnSH3UqaH-Y/[-LOfSg(L^]F]cZ-H-Y`NM]cbS[-L^]cE
aKPVRh=NPb2[-LOfts2fuaA[3NMLOH3j
bFLOH#L^DFE#G;]FL^§Z#LOH-komLOfcY;KMLONMDFEV
afU^+_¦Z-H-I$bFL
8
j9Ł 
nSV-V-NPKM[3Z-H-Y
8
v ?1`pvnSh

H#[-L[-LOfnSV-buaA]cbcZ-H-Y([-LOfLOfF]cbFLOH
Ij!2aZ-hj <LONPKML2WNPfF[[-LOfe_¦E
aA]FLOH-IG$[3NMLOfcY;fuaA[3NMLOHbH#G$DFE-h/aKM]eI$Z-fckSYL^]FDFE
aKPbFLOb ^ ?1`¦Z-H#[[#aH-Hr[3NMLSH
dADFE#]cbFL
Ij!2aZ-hj <LONPKMLxh=NPbZ-h=YLOILOE-fcbFLOHi¬-fFL^§Z#LOH-k^IG$[3NMLOfcY;fuaA[3NMLOHbFLOHﬂaZ#]cYLOKML^]FLOHwv
nSV-V-NPKM[3Z-H-Y
8
v ? 

_qjC$L^§Z#LOH-kZ-H#[R[-LOfLOHbF]cT-fFL^DFE#LOH#[-L7{LOfcKaZ3U¦[-LOfIj!2aZ-h LwfuacLOI$bFGAfcNML
2NML^]FLOft¥ﬂL^DFE#]FLOK¦k^WNM]FDFE#LOHﬂ_¦E
aA]FLOH-IG$[3NMLOfcY;fuaA[3NMLOHbZ-H#[i¬-fFL^§Z#LOH-k^IG$[3NMLOfcY;fuaA[3NMLOHbh=NPbxaKPbFLOfcH-NMLOfFLOH#[-LOh
{GAfckLONMDFE#LOHWNPfF[UGAfcbcYL^]FLObck^bV-NM][3NML`YL^]uahbFL/Ij!2aZ-h

VLOH#LaV-YLObuaA]cbFLOb7WZ-fF[-L;v2NML/nSZ#]cKML^]FLOkLONPb
U+-f7LONPH#L;5%

;5%igiabcfcNz«ﬂI;aH-Hﬂh=NPb7[-LOH|E#LOZ-bcNPYLOH LGAh`GAY;fuaT-E#LOHJaZ3UZ-H-YLpUqdE-f AA?/fFL^[3Z-k^NMLOfcb7WXLOfj
[-LOHwv$2NML2LONPH-kLOKPH#LOH?s2fuaA[3NMLOHbFLOH#L^DFE#G;]-[3NMLNPh {LOfcKaZ3U[-LOf

_¦g(L^]F]cZ-H-Y7h=NPbXLONPH#LOfXZ-HbFLOfF]FDFE-NML^[3KPNMDFE#LOH
_¦E
aA]FLOH-IG$[3NMLOfcZ-H-YaI3§Z-NPfcNMLOfcbWXLOfF[-LOHw3E
aVLOHrZ-HbFLOfF]FDFE-NML^[3KPNMDFE#L

DFE#GAkLONPbFLOHwv#tLOf

NPKM[3IGAHbcfuaA]cbNPHo[-LOH
fFLOIGAH#]cbcfcZ-NMLOfcbFLOH

NPKM[-LOfcHWNPfF[NPhWXL^]FLOHbcKPNMDFE#LOHJmGAH[-LOHkLOHbcfuaKMLOH Ij!2aZ-hj <LONPKMLOHVL^]cbcNPh=hbv)2NML
L

LOI$bcNPmL

DFE#GAkLONPbxWNPfF[[-L^]cE
aKPVVLON¦[-LOf

_qjC$L^§Z#LOH-kaKM]ﬃ[3NML <LONPbﬃmGAHﬂ[-LOfYE2¬nSH-fFLOY;Z-H-YRV-NM]tk^Z-f
g?NPbcbFLS[-LOfkLOHbcfuaKMLOHIj!2aZ-hj <LONPKMLS[-Lpy#H-NMLOfcbv$tLOH/kLONPbcKPNMDFE#L2nSV#]cbuaH#[`LOHbcKaH-Y[-LOfIj!2aZ-h LwfuacLOI$bFGj
fcNMLmGAH/LONPH#LOh

DFE#GAkLOHbcfcZ-h¯k^Z-h H
dADFE#]cbFLOH/VLOkLONMDFE-H#LObXh/aHaKM]

DFE#Gj

DFE#Gj!nSV#]cbuaH#[5v-tLOffFLOk^NPT-fFGAIL
¥ﬂLOfcb=[-LOf <LONPb)[3NML`U+-f[3NML/YL^]uahbFLrnSV-buaA]cbcZ-H-YiVLOH#lAbcNPY;b7WNPfF[5Y;NPV-b[3NML

aH#[3V-fFLONPbFLr[-LOf`C$L^§Z#LOH-k
NPH|_¦E
aA]FLOH-IG$[3NMLOfcfcNMDFEbcZ-H-YﬂaHwv L$T-NM]FDFE#L`¥ﬂLOfcbFLKPNMLOYLOHﬂE-NMLOfxk^WNM]FDFE#LOHA
ﬂ4ﬂ4ﬂ
%)+ RT-fFGo_¦Nz«-LOKqvw2Z-fFDFE
[3NML^]FLﬃYLOfcNPH-YL

aH#[3V-fFLONPbFLxNM]cb[3NML

_qjC$L^§Z#LOH-kaH3UqdKPKPNPY=U+-fLONPH#LxSLONPE#LtmGAH?nSfcbFLpUqaI$bFLOHw-[3NMLx]cNMDFE?aKM]
{LOfckLOfcfcZ-H-YLOH(Z-H#[o{LOfF]FDFE-NMLOV-Z-H-YLOH(LOHbcKaH-Y[-LOfS_¦E
aA]FLOH-IG$[3NMLOfcfcNMDFEbcZ-H-YrNPh

NPKM[rh/aH-NzUL^]cbcNMLOfFLOHwv
,  .7( 

]           
     	  	
taADFE#[-LOh©[3NMLRY;fcZ-H#[3KMLOYLOH#[-LOH}_¦fcNPH-k^NPT-NMLOH¨[-LOf

NPKM[3YLOV-Z-H-Yh=NPb ESNPKzULRLONPH#L^]giaY;H#LObcfFL^]FGAH
aH-k^bFGAh`Gj
Y;fuaT-E#LOHRLOfcI$KdfcbWZ-fF[-LOHw-WNPfF[rNPHR[3NML^]FLOh QxaT-NPbFLOKwLOfcKdZ-bFLOfcb-WNMLﬃL^]eh=NPb[3NML^]FLOf LL^DFE-H-NPIrh`lAY;KPNMDFERNM]cb
aZ#] 
SH#[-LOfcZ-H-YLOH[-LOfxKMGAI;aKMLOH

KPZ-bFG^«3$YLOH-NMLOfcZ-H-Y(Z-H#[ﬂ]FGWNML`[-L^]

KPZ-b#Z#]F]FL^]aZ3UH#LOZ-fFGAH
aKML/nSI$bcNPm$Nzj
budbNPhstLOE-NPfcHRk^Z(]FDFE-KPNMLOLOHwv
2NML^]FL

NPKM[3YLOV-Z-H-Y]cbFL^DFE-H-NPI?WNPfF[Rh=NPbS[-LOh nSI$fFGAH$h Ug(S ^U+Z-H#DObcNMGAH
aK
giaY;H#LObcNMD/SL^]FGAH
aH#D^L!h/aY;NPH-Y1`tVLOkLONMDFE-H#LObv)tLObuaNPKPKPNMLOfcbFLOfFL

NPH3U+-E-fcZ-H-YLOHNPH[3NML LeE#LOh/abcNPIwNPH#]cVLpj
]FGAH#[-LOfFL7NPHﬂ[3NML]cbuabcNM]cbcNM]FDFE#L=nSZ#]cWXLOfcbcZ-H-YRZ-H#[[3NML7V-NMG$DFE#LOh=NM]FDFE#LOH_¦fFGAkL^]F]FL[-L^]stLOE-NPfcH#]IlAH-H#LOHNPH
Q E WFN	>P?S!+Q ¬)S >CDV SwZ-H#[ Q  WFN	>&9(SYLpU+Z-H#[-LOHRWXLOfF[-LOHwv
  

-."%;&)$
2
-9( +-98

-9;7H"%(8ﬃJK-97 (-9 #"
/
(&)$'-."
032
7HG7
24CD2
ﬃaA]stLOE-NPfcH VL^]cbFLOEb`E
aZ-T-bF]udADFE-KPNMDFE}aZ#]`[3fFLON <LOKPKPb!$TLOH 2LOZ-fFGAH#LOHwXs2KPNaj <LOKPKMLOHZ-H#[stLpUqd;kLOKPKMLOHwv
!h h`LOH#]FDFE-KPNMDFE#LOH(stLOE-NPfcHVLpy#H#[-LOHr]cNMDFEZ-H-YLpUqdE-fﬃ^
1
#
2LOZ-fFGAH#LOHw3[3NML2!H3UGAfch/abcNMGAH#LOHr]cTLONMDFE#LOfcHrZ-H#[
-VLOfcbcfuaYLOHwv2NMLF<aE-K
[-LOfes2KPNaj <LOKPKMLOH`NM]cbDa3v;[3fFLONPh/aK
Y;fFlALOfv2NML^]FLZ-h=YLOVLOH/[3NML 2LOZ-fFGAH#LOH`Z-H#[=E
aj
VLOHILONPH#Lt[3NPfFLOI$bFLOHrNPH3UGAfch/abcNMGAH#]cVLOkGAYLOH#LOH?nSZ3U+YaVLOHwv#CNML2]cNPH#[/U+-fe]cTLOk^NMLOKPKML2V-NMG$DFE#LOh=NM]FDFE#LC$HbcE#Lpj
]FLOHw

H#LOfcY;NML^]cTLONMDFE#LOfcZ-H-Y#-LOKMLOI$bcfcNM]FDFE#L29]FGAKabcNMGAH]FGWNMLS[3NML

fcE
aKPbcZ-H-Y7mGAHNMGAH-NM]FDFE#LOHRs2KMLONMDFE-YLOWNMDFEbFLOH
mLOfuaHb!WXGAfcbcKPNMDFEwv52NMLstLpUqd;kLOKPKMLOH(]cbFLOE#LOHRNPh <
Z#]uah=h`LOH-E
aH-Yh=NPbS[-LOf{LOfF]FGAfcY;Z-H-Y/[-L^]tstLOWXLOVL^]h=NPb
KMLOVLOH#]cWNMDFEbcNPYLOH tdE-fF]cbFG

LOHoWNML7C3aZ#LOfF]cbFG

 <
Z#DFILOf
nSh=NPH#G;]udZ-fFLOH?LObFD;v

LONﬃH#LOZ-fFGAH
aKMLOf(nSI$bcNPm$NPbudboKaZ3ULOH1LOKMLOI$bcfcNM]FDFE#LCNPY;H
aKMLk^WNM]FDFE#LOHﬀ[-LOH 2LOZ-fFGAH#LOHwv

NPH 2LOZ-fFGAH­E
ab
LONPH#LOH|CNPY;H
aKaZ#]cYaH-Y#5[#aA]t]FGAYLOH
aH-HbFL=n«-GAH(Z-H#[(LONPH#LOHG$[-LOf2h`LOE-fFLOfFL/CNPY;H
aKMLONPH-YdH-YL;w]FGAYLOH
aH-HbFL
tLOH#[3fcNPbFLOHwv2NML`n«-GAH#LOH]cNPH#[h=NPb7tLOH#[3fcNPbFLOH aH#[-LOfFLOf 2LOZ-fFGAH#LOHmLOfcV-Z-H#[-LOHwv

KMLOI$bcfcNM]FDFE#LOH

LOI$bFL
VLOfcZ-E#LOHaZ3U
SH#[-LOfcZ-H-YLOH [-LOf79GAH#LOHmLOfcbFLONPKPZ-H-Y|aH[-LOf <LOKPKPh`LOhV-fuaHJ[-LOf 2LOZ-fFGAH#LOHwv2NMLQSGAH-kLOH3j
bcfuabcNMGAH(TG;]cNPbcNPmLOfSZ-H#[RH#LOYabcNPmLOf NaA[3Z-H-YLOH(NPh !HbcfuakLOKPKPZ-KafcfuaZ-hZ-HbFLOfF]FDFE#LONM[-LObx]cNMDFE(]cbuafcIomGAH([-LOf
QSGAH-kLOHbcfuabcNMGAH1aZ-LOfcE
aKPVwve2NML 2LOZ-fFGAH#LOH¨]cNPH#[NPh¤Z-E#LOk^Z#]cbuaH#[\[3Z-fFDFE}LONPH#LRUqaA]cb`Z-H#[3Z-fFDFE-KdA]F]cNPYL
g(LOhV-fuaH|H
aADFEaZ-LOH|NM]FGAKPNMLOfcbv!H|[3NML^]FLOh¬
aKPKE#LOfcfF]FDFEbLONPH
ﬂ
VLOfcYLOWNMDFEb7H#LOYabcNPmLOf NaA[3Z-H-YLOHNPh
!H-H#LOfFLOH[-LOf 2LOfcmLOH-kLOKPKML;AWXLOKMDFE#L^]LONPHZ-E#LOTGAbFLOHbcNaK-mGAHDa3v'-2(2hS{JYLOYLOH-VLOf[-LOf
U
h=YLOV-Z-H-Ytk^Z-f
¬#GAKPYLE
abv

LON$nSI$bcNPm$NMLOfcZ-H-Y2l

H#LOH7]cNMDFE7NPH7[-LOf 2LOZ-fFGAH#LOH-h`LOhV-fuaH=I$Z-fckX]FLOKMLOI$bcNPmﬃ]cTLOk^NMLOKPKMLX9GAH#LOH-I;aH
dj
KML;]FG?[#a?TG;]cNPbcNPmYLOKaA[-LOH#L
@
E
9GAH#LOHLONPH#[3fcNPH-YLOHIlAH-H#LOHZ-H#[|[3NML<LOKPKPh`LOhV-fuaH [-LOTGAKafcNM]cNMLOfFLOH
IlAH-H#LOH
)LONPHkLONPbcKPNMDFE ]FDFE
afU2VLOY;fFLOH-k^bFL^]LOKMLOI$bcfcNM]FDFE#L^]/CNPY;H
aKemGAHWXLOH-NPYLOf/aKM]/h`]ﬃaZ#LOf=LOHbF]cbFLOEb
^+nSI$bcNMGAH#]cTGAbFLOHbcNaKE`pv2NML^]FL^]XCNPY;H
aK
mLOfcZ-fF]uaADFEbe[3NMLnSZ#]F]FDFE-bcbcZ-H-Y7]FGAYLOH
aH-HbFLOf 2LOZ-fFGAbcfuaH#]ch=NPbcbFLOfeah

H#[-L([-L^]n«-GAH#]vtLOf 2LOZ-fFGAbcfuaH#]ch=NPbcbFLOfrI;aH-H¨LONPH#LOH¨aH-fFLOYLOH#[-LOH­G$[-LOf/E#LOh=h`LOH#[-LOH

NPH3#Z- aZ3U
[#aA] taADFEV
afcH#LOZ-fFGAHoE
aVLOHwv¥\NPfF[[#aA]XZ-E#LOTGAbFLOHbcNaK5[3Z-fFDFEo[-LOH 2LOZ-fFGAbcfuaH#]ch=NPbcbFLOfekv

v$]cbudfcILOfXH#Lpj
YabcNPm5]FGrH-NPh=hb7[-LOfnSV#]cbuaH#[k^Z-hC$DFEWXLOKPKMLOH-TGAbFLOHbcNaKR^+_GAbFLOHbcNaKq)[#aA]xLOfcfFLONMDFEb7WXLOfF[-LOHﬂhZ-#wZ-h
[3NMLe]FDFE-KaYafcbcNPYL

HZ-H-Yx[-LOftabcfcNPZ-h=I;aH
dKMLek^Z=VLOWNPfcILOH
;nSKPKML^]j!G$[-LOfjSNMDFEbF]j!_¦fcNPH-k^NPT?`)k^ZwvtaADFE`[-LOf
8
9
 	  	
  ]ﬀﬁﬂ
ﬃﬀ
  ﬁ:$
ﬁﬁ
  "ﬁ#
*Y& 	 & 
nSZ#]cKMl;]cZ-H-YxLONPH#L^]nSI$bcNMGAH#]cTGAbFLOHbcNaKM]¦VLpy#H#[-LOH/]cNMDFE`[3NML 2LOZ-fFGAH#LOH`NPH`LONPH#LOf¦I$Z-fckLOH/SLpU+fuaI$budfcT-E
aA]FL;Ak^Z
[-LOfILONPH#LOfcKMLONnSI$bcNPm$NMLOfcZ-H-Y[-LOf tabcfcNPZ-h=I;aH
dKMLSh`lAY;KPNMDFENM]cbv2NML¥|aE-fF]FDFE#LONPH-KPNMDFE-ILONPb-[#a7LONPH 2LOZ-fFGAH
LONPHﬂnSI$bcNMGAH#]cTGAbFLOHbcNaKLOfckLOZ-Y;bE
dH-Y;bﬃmGAHﬂ[-LOfCZ-h=h`L=[-LOftE#LOh=h`LOH#[-LOHﬂZ-H#[ﬂaH-fFLOYLOH#[-LOH

NPH3##]F]FL
aVwv2NML 2LOZ-fFGAH#LOHJIlAH-H#LOH]FGAh=NPb`[3NML [C$DFE
aKPbF]FDFEWXLOKPKML.\(NPE-fFLOftaADFEV
afcH#LOZ-fFGAH#LOH\h`G$[3Nzy#k^NMLOfFLOHZ-H#[
LOfch`lAY;KPNMDFE#LOHi]FG=LONPH#L7CNPY;H
aKPmLOfuafcVLONPbcZ-H-Y#v
ﬀPﬂ)Pﬂ) (%ﬁ#O#& 	ﬁ P "ﬂﬁ ( "$#C "ﬁ/(  +- !,.ﬁ 
ﬃaA]stLOE-NPfcHJmLOfcV-NPH#[-LOb`NPHJ]FLONPH#LOf=U+Z-H-I$bcNMGAH#LOKPKMLOH WSfcYaH-NM]uabcNMGAH[3NMLR_¦fcNPH-k^NPT-NMLOH\[-LOf`!HbFLOY;fuabcNMGAHZ-H#[
CTLOk^NaKPNM]cNMLOfcZ-H-Y#v

NPH#LOfF]FLONPbF]=y#H#[-LOHJ]cNMDFE NPh©stLOE-NPfcHJSLOY;NMGAH#LOHw¦[3NMLrfFLOKabcNPmZ-H
aV-E
dH-Y;NPYﬂZ-H#[ LONPYLOH3j
]cbudH#[3NPY/U+-fSYLOWNM]F]FL¬-Z-H-I$bcNMGAH#LOHimLOfuaHb!WXGAfcbcKPNMDFE|]cNPH#[5v
nSH#[-LOfFLOfF]FLONPbF]t]cNPH#[?¬¦dKPKMLxVL^GAV
aADFEbFLObtWXGAfF[-LOHw
NPHﬂ[-LOH#LOH|[#aA]7stLOE-NPfcHaZ#DFEﬂH
aADFE|[-LOf

HbULOfcHZ-H-Y?VL^]cbcNPh=hbFLOfstLOE-NPfcH-fFLOY;NMGAH#LOH|WXLONPbFLOfcE-NPH[3NMLIGAhj
T-KMLObcbFL2¬-Z-H-I$bcNMGAHrLOfU+-KPKPbv2NMLS¬-fuaYL;$GAV`-VLOfX[#aA]stLOE-NPfcH/mLOfcbFLONPKPbFL2LOZ-fFGAH#LOHr¬-Z-H-I$bcNMGAH#LOHfFLaKPNM]cNMLOfFLOHw
NM]cbﬃV-NM]ﬃE#LOZ-bFLH-NMDFEbYLOI$Kdfcb
5LONPH#LﬀNwGAI;aKPNM]cNMLOfcZ-H-Y?mGAHﬂ¬-Z-H-I$bcNMGAH#LOHﬂNM]cbaVLOfﬃZ-HZ-h`]cbcfcNPbcbFLOHwv)C$GrNM]cbtVLON
]cbuafcILOf)h`GAbFGAfcNM]FDFE#LOfnSI$bcNPm$NPbudbLONPH#LXVL^]FGAH#[-LOfFLH#LOZ-fFGAH
aKMLnSI$bcNPm$NPbudbI$KMLONPH#LOfstLOE-NPfcHVLOfFLONMDFE#LeYLOYLOVLOHwv
ﬃa=[3NML^]FL

LOfFLONMDFE#LﬃVLONPh YL^]cZ-H#[-LOH?g(LOH#]FDFE#LOH(aH?dE-H-KPNMDFE#LOH(_G;]cNPbcNMGAH#LOH?KPNMLOYLOHw-IlAH-H#LOHoU+Z-H-I$bcNMGAH#LOKPKML
QxafcbFLOH([-L^]2stLOE-NPfcH#]SLOfF]cbFLOKPKPbWXLOfF[-LOHw#WNMLx]cNMLtVLONM]cT-NMLOKM]cWXLONM]FLxnSV-V-NPKM[3Z-H-Y ;3v
8
kLONPY;bv
nSV-V-NPKM[3Z-H-Y ;3v
8
3g(GAbFGAfcNM]FDFE#LOf E2GAhZ-H#DOZ-KPZ#]eh=NPbXmLOfckLOfcfcbFLOfﬃafF]cbFLOKPKPZ-H-YLOHbF]cT-fFL^DFE#LOH#[R[-LOfXZ-H-Y;KMLONMDFE#LOH
SLOT-fudA]FLOHbuabcNMGAH?NPh T-fcNPh/dfjqh`GAbFGAfcNM]FDFE#LOHQSGAfcbFLp«^aZ#] Q C L E >&9(S9`
C$DFE#GAH]cNPh=T-KMLonSZ3U+YaVLOHwWNMLo[#aA]

LOZ-fcbFLONPKMLOHLONPH#LOf=m$NM]cZ#LOKPKMLOH\CkLOH#LOfcNML;LOfUGAfF[-LOfcHJ[3NML

LObFLONPKPNPY;Z-H-Y
h`LOE-fFLOfFLOf

LOfFLONMDFE#L;v2NMLtU+Z-H-I$bcNMGAH#LOKPKMLx{LOfcV-NPH#[3Z-H-YmGAH?mLOfF]FDFE-NML^[-LOH#LOHinSfFLaKMLOH?k^Z-f2nSZ3U+YaVLOHVLOWedKzj
bcNPY;Z-H-YWNPfF[`VLON
[-LOf¦U+Z-H-I$bcNMGAH#LOKPKMLOH

NPKM[3YLOV-Z-H-Y7H-NMDFEbX[3NPfFLOI$bX]cNMDFEbcV
afvgiaHLOfcILOH-HbHZ-fXLONPH#LLOfcE#lAEbFL
H#LOZ-fFGAH
aKML/nSI$bcNPm$NPbudbﬃNPHﬂ[3NML^]FLOH <LOHbcfFLOHwvw2NML`]cTLOk^NMLOKPKML=¬-Z-H-I$bcNMGAHﬂZ-H#[[-LOfﬃU+Z-H-I$bcNMGAH#LOKPKML <
Z#]uah=h`LOH3j
E
aH-Y|hZ-[3Z-fFDFEmLOfF]FDFE-NML^[-LOH#L

«3TLOfcNPh`LOHbFLRUL^]cbcYL^]cbFLOKPKPb`WXLOfF[-LOHwv

LONSLONPH#LOfSEtaH#[3VLOWXLOY;Z-H-Y]cNPH#[
k^Z-h

LONM]cT-NMLOKXnSI$bcNPm$NMLOfcZ-H-YLOH|NPh

LOfFLONMDFE[-LOfh`GAbFGAfcNM]FDFE#LOHZ-H#[|[-LOf7]FLOH#]FGAh`GAbFGAfcNM]FDFE#LOHJ<LOHbcfFLOHNPh
s2fFGA;E-NPfcH]FGWNML[-LOf2h`GAbFGAfcNM]FDFE#LOH

LOfFLONMDFE#LNPh QtKMLONPH-E-NPfcHﬂ]cNMDFEbcV
afv¥ﬂLONPbFLOfcE-NPHkLONPY;bt]cNMDFELONPH#L7nSI$bcNzj
m$NPbudbF]ck^Z-H
aE-h`LxNPH?LONPH#LOh <LOHbcfcZ-hR#WXLOKMDFE#L^]2[-LOf

LOWXLOY;Z-H-Y]cT-KaHZ-H-Yk^Z-YLOfFL^DFE-H#LOb2WNPfF[5v
g?NPb ESNPKzUL[-LOfRg( L Kd;b?]cNMDFE}ILONPH#L WSfcbF]uaZ3
l;]cZ-H-YJNPH­[-LOf(s2fFlALOH#GAfF[3HZ-H-Y¨LONPH-kLOKPH#LOf 2LOZ-fFGAH#LOH
LOfcfFLONMDFE#LOHwv¦ﬃah=NPb]cNPH#[U+-f7[3NML/g( L

LOI$bFLLONPH-kLOKPH#LOf 2LOZ-fFGAH#LOHZ-H#]cNMDFEbcV
afv
ﬂ
V-KPNMDFE#LOfcWXLONM]FLrWNPfF[
 ]  ] #    "ﬀ
ﬃ
$ﬁ
  ﬁ

	  #
VLON¦[-LOftUg(Sh=NPb WSfcbF]uaZ3
l;]cZ-H-YLOHﬂmGAH "&u
ﬂ4ﬂ4ﬂ
/o
	7YLafcVLONPbFLObvw2NML^]tVL^[-LOZ-bFLObw[#arHZ-fLONPH#L
KMGAI;aKMLinSI$bcNPm$NPbudboLONPH#LOfrY;fFGALOH­nSH-kaE-KtmGAH 2LOZ-fFGAH#LOH¨UL^]cbcYL^]cbFLOKPKPbrWXLOfF[-LOH­I;aH-Hwv

NPH¨H#LOZ-fFGAH
aKML^]
2LObckWXLOKMDFE#L^]aKM]LONPH#LrmLOfuafcVLONPbFLOH#[-L

NPH-E#LONPb`[3NMLYLpUGAfF[-LOfcbFLNwLONM]cbcZ-H-Y|[3Z-fFDFEJLONPH#LrlAfcbcKPNMDFEJfFLOKabcNPm
Y;KMLONMDFE-h/d;NPYimLOfcbFLONPKPbFLnSI$bcNPm$NPbudb7LOfcV-fcNPH-Y;bWedfFL/h=NPb[-LOHg(LObcE#G$[-LOH[-LOfxUg(SSH-NMDFEb`aH
aKP3]cNMLOfcV
afv

NPH#LaZ3U+YaVLOHVLOkGAYLOH#LxZ-H#[oKMGAI;aKMLﬃSLaI$bcNMGAH?[-L^]2stLOE-NPfcH#]NM]cbE-NMLOfU+-fSLOfUGAfF[-LOfcKPNMDFEwv
ﬀPﬂ)P  Qﬃﬂ%# % %ﬁ/S /	(ﬁ(0S   ( -ﬁ	#]R 2,C#?U %ﬁ#O#& 	ﬁ
C$DFE#GAH
8
:C>
@
]cbFLOKPKPbFLOH|SGiZ-H#[CE#LOfcfcNPH-Y;bFGAH[3NMLSES$TGAbcE#L^]FL`aZ3Uc5[#a([-LOfxfFLOY;NMGAH
aKML/D^LOfFLOV-fuaKML

KPZ-bj
#Z-U^,f 

¬L`]cNMDFER[-LOHoh`LObuaVGAKPNM]FDFE#LOH?nSH3UGAfF[-LOfcZ-H-YLOHRH#LOZ-fFGAH
aKMLOfSnSI$bcNPm$NPbudbaH-T
a;bRQ  WFN	>&9(S!v32NML^]FL
QSGAfcfFLOKabcNMGAHk^WNM]FDFE#LOHH#LOZ-fFGAH
aKMLOfxnSI$bcNPm$NPbudbtZ-H#[ﬀ
SH#[-LOfcZ-H-YLOH[-L^]tf 

¬JNM]cbth=NPbcbcKMLOfcWXLONPKMLNPHim$NMLOKMLOH

«3TLOfcNPh`LOHbFLOH?VL^]cbudbcNPY;bWXGAfF[-LOH]Q Sn2 9 DS!v

LONH#LOZ-fFGAH
aKMLOfxnSI$bcNPm$NPbudbﬃ]cbFLONPY;bt[-LOftKMGAI;aKML`C3aZ#LOfF]cbFG

mLOfcV-fuaZ#DFEﬂZ-hDa3v1B
 aHwvtLOf2f 

¬\LOfcE#lAEb
]cNMDFE|E-NPH-YLOYLOHZ-h Ł
@
j B
@

 Z-H#[[#aA]fFLOY;NMGAH
aKMLD^LOfFLOV-fuaKML

KPZ-bcmGAKPZ-h`LOH ]cbFLONPY;bZ-hDa3v
8A@

 aHwv2NML
U
fF]uaADFE#LOH|[3NML^]FLOfxH#LOZ-fFGm;aA]cI$Z-KdfFLOHQSGAT-T-KPZ-H-Yi]cNPH#[iH-NMDFEb7mGAKPKM]cbudH#[3NPYRYLOI$Kdfcb[#ao[3NMLS<
Z-H
aE-h`L/[-L^]
C3aZ#LOfF]cbFG

mLOfcV-fuaZ#DFE#]`U+-f=[3NML

fcI$KdfcZ-H-Y|[-LOf`]cbuafcILOH <
Z-H
aE-h`LR[-L^]f 

¬ﬀNPH YdH-Y;NPYLOHg(G$[-LOKPKMLOH
H-NMDFEbXaZ#]cfFLONMDFEbvﬃaA]

KPZ-bLOfU+-KPKPb5cL^[-G$DFE=WXLONPbFLOfcYLOE#LOH#[-LSnSZ3U+YaVLOH/aKM]¦[-LOH`fFLONPH#LOH

H#LOfcY;NMLpjZ-H#[/C3aZ3j
LOfF]cbFG

bcfuaH#]cTGAfcb]FGS[#aﬃaH#[-LOfFLCbFG

mLOfF]FGAfcY;Z-H-YLOH`G$[-LOfwj9aV-bcfuaH#]cTGAfcbFLXmLOfuaHb!WXGAfcbcKPNMDFE]FLONPH7IlAH-HbFLOHwv
2NMLF<
Z-H
aE-h`L2[-L^]f 

¬iE
abXLONPH#LSlAfcbcKPNMDFE#L2nSZ#]F[-LOE-HZ-H-YmGAHDa3v>"&u
ﬂ4ﬂ4ﬂ
to
	 
OcL^[-G$DFE]FDFEWeaH-ILOH
[3NML N5NPbFLOfuabcZ-fuaH-YaVLOHwvtLOftf 

¬\fFLaY;NMLOfcbﬃkLONPbcKPNMDFEﬂmLOfcklAYLOfcbaZ3UXH#LOZ-fFGAH
aKML`nSI$bcNPm$NPbudbv2NML7E
dh`Gj
[3$H
ah=NM]FDFE#LxnSHb!WXGAfcbU+Z-H-I$bcNMGAH?Kd;b]cNMDFEoWNML2UGAKPY;bVL^]FDFE-fFLONPVLOH #!Ho[-LOHRLOfF]cbFLOH|-|`C$LOI$Z-H#[-LOHoH
aADFE
LONPH#LOf`H#LOZ-fFGAH
aKMLOH¨nSI$bcNPm$NMLOfcZ-H-YﬂH-NPh=hbr[3NMLoKMGAI;aKML(C3aZ#LOfF]cbFG

IGAH-kLOHbcfuabcNMGAH­aV
[3NMLRQSGAH-kLOHbcfuabcNMGAH
mGAH[-L^]FG^«3$YLOH-NMLOfcbFLOh Etdh`GAY;KMGAV-NPHH-NPh=hb=k^ZwvﬃaH
aADFE ]cbFLONPYLOfcb=]cNMDFE[-LOf

KPZ-b#Z-iZ-H#[[#ah=NPb=[-LOf
KMGAI;aKMLxC3aZ#LOfF]cbFG

YLOE
aKPbv#tLOfnSHbFLONPK5mGAHW«3$E
dh`GAY;KMGAV-NPHRNPh¢stLOWXLOVLﬃLOfcfFLONMDFEb2]FLONPHogia«3NPhZ-h¯H
aADFE
;- =iv

LONeKdH-YLOfFLOH\CbcNPhZ-KabcNMGAH#LOHV-KMLONPV-b=[-LOf=LOfcE#lAEbFLrf 

¬1VL^]cbFLOE#LOHwWXLOH-HJ[#aA]/stLOE-NPfcH ]cNMDFE
H-NMDFEb2aHR[-LOHRSLONPkﬃYLOWXlAE-HbvtaADFER[-LOh

H#[-Lx[-LOf2CbcNPhZ-KabcNMGAH(LOfUGAKPY;b[3NMLﬃnSV-H
aE-h`Lﬃ[-L^]f 

¬h=NPb
LOb!WeaR^/xﬃaZ#LOfSLOb!WeaA]SKaH-Y]uah`LOf2aKM][-LOfSnSH#]cbcNMLOY#v
!H#]cYL^]uahb2U+-E-fcbtH#LOZ-fFGAH
aKML`nSI$bcNPm$NPbudbxaKM]FGk^Z[-LOhSL^]cZ-KPbuabﬃLONPH#LOfﬃfFL^[3Z-k^NMLOfcbFLOH|QSGAH-kLOHbcfuabcNMGAH|mGAH
tL^]FG^«3$E
dh`GAY;KMGAV-NPH?NPh stLOWXLOVL;v
 

  (+-9( (-9 #"
/
(&)$'-."
032
7HG7
24CD2
ﬀP ﬀPﬂ) Qﬃﬂ%# 0 ﬃ 2,/_  ,& "!'2 "ﬁ(  	 	ﬁ	#C,&0  #/S $# #C "ﬃ
WSYa^WeaLOfcI;aH-HbFL
8
>C>
@
$[#a

KPZ-beaZ3U+Y;fcZ-H#[[-LOfXnSV-E
dH-Y;NPY;ILONPbe[-LOfCZ#]ckLOT-bcNPV-NPKPNPbudbemGAh¯C3aZ#LOfF]cbFG

YLpj
E
aKPbﬃaKM]SIlAfcTLOfFLONPYLOH#L^]ﬃQSGAHbcfuaA]cbch=NPbcbFLOKLONPH-YL^]FLObck^b2WXLOfF[-LOHiI;aH-HWQ Wﬃstn >
@
S!vﬃaVLONWNPfF[aZ#]cYLOHZ-bck^b
[#aﬀW«3$E
dh`GAY;KMGAV-NPHo[3Nah/aY;H#LObcNM]FDFEoZ-H#[/tL^]FG^«3$E
dh`GAY;KMGAV-NPHrT
afuah/aY;H#LObcNM]FDFEoNM]cbvtL^]FG^«3$E
dh`GAY;KMGj
V-NPHoVL^]cNPbck^bNPh stLOYLOH#]uabckﬃk^ZXW«3$E
dh`GAY;KMGAV-NPH?LONPH#LﬃZ-HbFLOfF]FDFE-NML^[3KPNMDFE#L

KMLObcfFGAH#LOH-IGAH3y#Y;Z-fuabcNMGAHiNPh¢ŁA[
WSfcV-NPbuaK-[-L^]

NM]FLOH
abFGAh`]WXLOKMDFE#L^])U+-f[3NML 
SH#[-LOfcZ-H-Yﬃ[-LOfh/aY;H#LObcNM]FDFE#LOH

NPYLOH#]FDFE
aU+bFLOH=mLOfuaHb!WXGAfcbcKPNMDFE
NM]cbvw¥}dE-fFLOH#[]cNMDFEVLONPh W«3$E
dh`GAY;KMGAV-NPHJD

KMLOI$bcfFGAH#LOHYLOT
a;afcb=aZ3U2[-LOHZ-HbFLOfFLOH [3fFLON

H#LOfcY;NMLOH-Nzj
mLaZ#]S[-L^]tŁA[XWSfcV-NPbuaKM]2VLpy#H#[-LOHw
]cNPH#[RVLONPh¢tL^]FG^«3$E
dh`GAY;KMGAV-NPH(m$NMLOf2[3NML^]FLOf

KMLOI$bcfFGAH#LOH(Z-H-YLOT
a;afcbv
ﬃaA[3Z-fFDFE=WNPfF[[#aA])[3Nah/aY;H#LObcNM]FDFE#LFW«3$E
dh`GAY;KMGAV-NPH=k^ZT
afuah/aY;H#LObcNM]FDFE#LOh tL^]FG^«3$E
dh`GAY;KMGAV-NPHw;WeaA]
[-LOH(¬#LOKM[3mLOfcKaZ3UXLONPH#L^]tdZ-LOfFLOH(giaY;H#LObULOKM[-L^]ﬃdH#[-LOfcbv

NPH#L

fcE#lAEZ-H-Yo[-LOf2QSGAH-kLOHbcfuabcNMGAHimGAHitL^]j
G^«3$E
dh`GAY;KMGAV-NPHRU+-E-fcbk^Z?]cbudfcILOfFLOHRKMGAI;aKMLOH?giaY;H#LObULOKM[3Y;fuaA[3NMLOHbFLOH(Z-H#[omLOfcI$-fck^bS[3NML""!
#
<LONPbv
2NML^]FLOf

LOI$bWNPfF[?aKM]

KMG$G$[W«3$YLOHNwLOmLOKtLOTLOH#[-LOHb

LOI$b ^

WFNw

LOI$b;`XVLOkLONMDFE-H#LObv
2Z-fFDFE
[3NML?nSHWXLOH#[3Z-H-YJLONPH#LOf"!
#
]FLOH#]cNPbcNPmLOH

NPKM[3YLOV-Z-H-Y]cbFL^DFE-H-NPIeWNML([-LOh

DFE#G_¦KaH
afr!h/aY;NPH-Y#XIlAH3j
H#LOH(CNPY;H
aKdH#[-LOfcZ-H-YLOHaZ3U+Y;fcZ-H#[o[-LOfZ-HbFLOfF]FDFE-NML^[3KPNMDFE#LOH "!
#
<LONPbFLOHRYLOh`L^]F]FLOHoWXLOfF[-LOHwv
2NMLﬃGAT-bcNPh/aKML

DFE#GAkLONPb 	ewVLONX[-LOf7[-LOfh/a«3NPh/aKMLQSGAHbcfuaA]cbk^WNM]FDFE#LOHH#LOZ-fFGAH
aKaI$bcNPm$NMLOfcbFLOh <
Z#]cbuaH#[ﬂZ-H#[[-LOh
    	
  ]ﬀﬁﬂ
ﬃﬀ
  ﬁ:$
ﬁﬁ
  "ﬁ#
*Y& 	 & 
Z-E#LOk^Z#]cbuaH#[(aZ3U+bcfcNPbcb-I;aH-H?[3Z-fFDFE(g(G$[-LOKPKMLOH-fFL^DFE-HZ-H-YoaV-YL^]FDFE
dbck^b2WXLOfF[-LOHW^,m$Y;Kqv+Q E2n2n >CB(S9`pv

«3TLpj
fcNPh`LOHbFLOKPKE
abX]cNMDFE/NPH
ﬂ
VLOfFLONPH#]cbcNPh=hZ-H-Yh=NPbX[-LOh g(G$[-LOKPK
LONPH#L

DFE#GAkLONPbemGAH/Z-H-YLpUqdE-feA - ;A7h`]NPH
LONPH#LOh "&u °giaY;H#LObULOKM[iaKM]SGAT-bcNPh/aK¦LOfcWNML^]FLOHW^+]cNMLOE#Lxkv

v Q ¬)Sn >;ŁSZ-H#[]Q N

>CBVS9`pv

LONH#LOZ-fFGAH
aKMLOf
nSI$bcNPm$NMLOfcZ-H-Y`IlAH-H#LOHRKMGAI;aK)CNPY;H
aKPZ-HbFLOfF]FDFE-NML^[-L7mGAHRV-NM]k^Z? VL^GAV
aADFEbFLObSWXLOfF[-LOHwv
ﬃa/[#aA]2nSV-buaA]cbcNPHbFLOfcm;aKPK¦[-LOf

_qjC$L^§Z#LOH-k7U+-f2LONPH

NPKM[?h=NPb ;5%
#
_¦Z-H-I$bFLOHnSZ3
l;]cZ-H-YHZ-ftDa3vﬀA/h`]
[#aZ#LOfcbwWNPfF[H
aADFELONPH#LOh &Aa E2¬j!_¦Z-KM]^;rh`]xYLOWeafcbFLObwVLOmGAf[3NML=ﬃabFLOH
aZ3U+H
aE-h`L/VLOY;NPH-HbvwﬃaA]
<LOHbcfcZ-h [-L^]

j!2aZ-h`L^]WNPfF[R[#aH-H?[3Z-fFDFE?[3NMLYLwfuacLOI$bFGAfcNML[-LOf

_qjC$L^§Z#LOH-k ^+nSV-V-NPKM[3Z-H-Y
8
v ?1`XH
aADFE
A`h`]2aV-YLObuaA]cbFLObv

NPHR{GAKPZ-h`LOH#[#abFLOH#]uabck=[-L^]tstLOE-NPfcH#]2aZ#] ?.:

NPH-kLOKM]FDFE-NMDFEbFLOHiI;aH-H?]FG=NPH?Da3v-m$NMLOf
C$LOI$Z-H#[-LOH|aZ3U+YLOH#GAh=h`LOHﬂWXLOfF[-LOHwv	WU+btWedE-KPbﬃh/aHik^Z-fxSL^[3Z-I$bcNMGAH[-LOfﬃﬃabFLOH-h`LOH-YL=LONPH#LYLOfcNPH-YLOfFL
nSH-kaE-K¦mGAH|C$DFE-NMDFEbFLOHaZ#]ﬃLONPH#LOhstLOV-NMLObNPH[-LOhh/aHnSI$bcNPm$NMLOfcZ-H-YomLOfchZ-bFLObv

]tNM]cbﬃ]cNPH-HmGAKPK[3NML
ﬃabFLOH#]udbckLh=NPb2LONPH#LOh kLONPbcKPNMDFE#LOHg?NPH#[-L^]cbuaV#]cbuaH#[?mGAH?h`LOE-fFLOfFLOHﬂC$LOI$Z-H#[-LOH(k^Z#LONPH
aH#[-LOfﬃaZ3U+k^Z-H#LOE3j
h`LOHwv#ﬃaA[3Z-fFDFE?WNPfF[oLONPH#LaZ#]cfFLONMDFE#LOH#[-LSLOKa«#abcNMGAHR]cNMDFE#LOfcYL^]cbFLOKPKPb
]FG[#a`HZ-fYLOfcNPH-YL7CbFLaA[3jCbuabFL

LOI$bFLt[3Z-fFDFERQSGAT3U+VLOWXLOY;Z-H-YLOH?G$[-LOf

KPZ-b#Z-=LOHbF]cbFLOE#LOHoIlAH-H#LOHwv32Z-fFDFER[3NMLSY;fFGALtSLOTLObcNPbcNMGAH#]ckLONPb
 Z-H#[r[3NMLxs2fFlALt[-LOfe{G^«-LOKmGAH 7o
	2LOfcfFLONMDFE#LOHR[3NML

_qj

NPKM[-LOfbcfFGAbckﬃ[-LOfeKaH-YLOH

DFE#GAkLONPbSLONPH
aI$kLOT-buaV-KML^]ﬃCNPY;H
aKwNPh¯{LOfcY;KMLONMDFE(k^Z-h 2aZ#]FDFE#LOHwv

NPH#LE#lAE#LOfFLefudZ-h=KPNMDFE#LSnSZ3
l;]cZ-H-YaKM]ﬂ;5%
#
_¦Z-H-I$bFLeT-fFGC$DFE-NMDFEbXLOfcE#lAEb[#aA]¦2aZ#]FDFE#LOH`NPH=[-LOH

NPKM[-LOfcHw
k^Z-h¯aH#[-LOfFLOHrWNPfF[raVLOfe[3NMLﬃCNPY;H
aKdH#[-LOfcZ-H-Y=Y;fFlALOf$[#a[3NML2_)afcbcNaKPmGAKPZ-h`LOH#L

LOI$bFLﬃYLOfcNPH-YLOfeWXLOfF[-LOH
Q ¬)Sn >;Ł(S!v

LONwLONPH#LOf]cZ-I$kL^]F]cNPmLOH

fcE#lAEZ-H-Y/[-LOfnSZ3
l;]cZ-H-YWNPfF[RaKM]FG[3NMLtYL^]cbFLONPYLOfcbFLCNPY;H
aKM[3N

LOfFLOH-k
NPfcYLOH#[3WeaH-H7NPh12aZ#]FDFE#LOHmLOfF]cNPH-ILOHw]FG[#aE-NMLOfU+-f[3NMLnSZ3U+H
aE-h`LObFL^DFE-H-NPIxmLOfcVL^]F]FLOfcb5WXLOfF[-LOH7h-;bFL;v
E2lAE#LOfFLnSZ3
l;]cZ-H-YLOH aKM]?=
#
_¦Z-H-I$bFL]cNPH#[aZ#DFEWXLOYLOH [-LOfNPHbcfcNPH#]cNM]FDFE#LOH nSZ3
l;]cZ-H-Y([-L^]

WFNwSj

LOI$bFL^]Z-h`]cbcfcNPbcbFLOHwv
ﬀP ﬀP  -0 YU    *
   _  ,.TS  "ﬁ	#
2NML7CNPY;H
aKM[3N

LOfFLOH-kk^WNM]FDFE#LOHiaI$bcNPm$NMLOfcbFLOh <
Z#]cbuaH#[oZ-H#[RZ-E#LOk^Z#]cbuaH#[oVLObcfudY;bHZ-fWXLOH-NPYL_¦fFGAkLOHb
Z-H#[oKPNMLOY;b2[#ah=NPbNPH?[-LOfts2fFlALOH#GAfF[3HZ-H-Yr[-L^]2aZ#]FDFE#LOH#]Z-H#[omGAH?2fcNzU+bFLOHw#[3NMLx[3Z-fFDFE(nSH-KaYL;#QSGAT3U,j
VLOWXLOY;Z-H-YLOHZ-H#[?T-E3]cNMGAKMGAY;NM]FDFE#L{LOfudH#[-LOfcZ-H-YLOHNPHi[-LOH <LONPbcfFLONPE#LOH[-LOf

NPKM[-LOftmGAfcKPNMLOY;bvtL^]cWXLOYLOH
h#]F]FLOHNPh°Ug(Sqj

«3TLOfcNPh`LOHbX¥ﬂL^DFE#]FLOKk^WNM]FDFE#LOHrnSI$bcNPm$NMLOfcZ-H-Y7Z-H#[/Z-E#LS[3Z-fFDFE-YLpU+-E-fcbeZ-H#[[3NMLSﬃaj
bFLOHoaZ#]X[-LOHZ-HbFLOfF]FDFE-NML^[3KPNMDFE#LOH <
Z#]cbudH#[-LOHrYLOh=NPbcbFLOKPbeWXLOfF[-LOHw$Z-h [3NML

LObFLONPKPNPY;Z-H-Y=LONPH#LOfXVL^]cbcNPh=hbFLOH
stLOE-NPfcH-fFLOY;NMGAH(]cbuabcNM]cbcNM]FDFE?]cNPY;H-Nzy#I;aHbSH
aADFEWXLONM]FLOH(k^ZoIlAH-H#LOHwv
ESNMLOfck^ZWNPfF[b!$T-NM]FDFE#LOfcWXLONM]FLoh=NPbﬀESNPKzULLONPH#LOf

_qjC$L^§Z#LOH-koZ-H-YLpUqdE-f`aKPKML - %]7LONPH{GAKPZ-h`LOH#[#aj
bFLOH#]uabck7aZ3U+YLOH#GAh=h`LOHwv#2Z-fFDFERYL^LONPY;H#LObFL

«3TLOfcNPh`LOHbFLﬃIlAH-H#LOHoU+-fLONPH-NPYLxnSHWXLOH#[3Z-H-YLOHiaVLOfSaZ#DFE
LOfcE#LOV-KPNMDFErE#lAE#LOfFLSkLONPbcKPNMDFE#LtnSZ3
l;]cZ-H-YLOH/fFLaKPNM]cNMLOfcbXWXLOfF[-LOH ^,kv

v Q C E >CBVS! Q g

@ 8
S9`pvﬃax[-LOf

WFNw

LOI$b; - =;H
aADFE CbcNPhZ-KPZ#]cVLOY;NPH-H [3NML`h/a«3NPh/aKMLQSGAHbcfuaA]cbudH#[-LOfcZ-H-YVLOWNPfcI$bxZ-H#[|[-LOf7nSV3UqaKPKNPH
[-LOH 2GAfch/aKPk^Z#]cbuaH#[JWNML^[-LOfcZ-h©Da3v^ﬂ]=VLOH#lAbcNPY;b¦WXLOfF[-LOHE
dZ3y#YﬂWXL^DFE#]FLOKPH#[-LCbcNPhZ-KabcNMGAH#]jZ-H#[
Z-E#LOT-E
aA]FLOHmGAH/cLFA- ;Ar]tﬃaZ#LOftmLOfcWXLOH#[-LOb ^+]FGAY#v

KMG$DFI3[-L^]cNPY;H?`pv5ﬃaA]2YL^]uahbFL7Ug(Sqj!g(L^]F]cZ-H-Y
[#aZ#LOfcb)cL2H
aADFERnSHWXLOH#[3Z-H-Y`k^WNM]FDFE#LOH(Ł7g?NPHZ-bFLOHrU+-fLONPH3UqaADFE#LﬃnSI$bcNPm$NMLOfcZ-H-Y]FLp«3TLOfcNPh`LOHbFL ^ ;A{Gj
KPZ-h`LOH#[#abFLOH#]udbckL(`XZ-H#[/V-NM]Xk^ZrLONPH#LOfSCbcZ-H#[-LU+-fXIGAh=T-KMLp«-L2{LOfF]cZ#DFE#L2NPHr¬#GAfF]FDFEZ-H-Y]F]ckLOH
afcNMLOH]^ ^
{GAKPZ-h`LOH#[#abFLOH#]udbckL(`pv
¥\NMLrLONPH#L?CbcNPhZ-KabcNMGAHJZ-H#[ [#aU+-fmLOfcWXLOH#[-LObFLRnST-T
afuabcZ-fFLOH NPhLONPH-kLOKPH#LOHaZ#]ck^Z#]FLOE#LOH E
abE
dH-Y;b
[#a^mGAH?aVw$WXLOKMDFE#LstLOE-NPfcH-fFLOY;NMGAH?aZ3UWXLOKMDFE#LﬃnSfcbXZ-H#[¥ﬂLONM]FLSYLOfFLONPk^bWXLOfF[-LOHo]FGAKPKL^+]cNMLOE#LSkv

v%Q Nw  >CD(S!
Q L E

@ 8
aﬂS9`pv¬-f¬#GAfF]FDFEZ-H-Y]ck^WXL^DFILoWXLOfF[-LOH GU+b7]FLOE-fIGAh=T-KPNPk^NMLOfcbFLrnSV-KdZ3UL`VLOHZ-bck^b)[3NML`k^Z-h LLONPK
aZ#DFELONPH#L7SLaI$bcNMGAHi[-L^]2_)abcNMLOHbFLOH|LOfch`lAY;KPNMDFE#LOHwv

LON[3NML^]FLOH

«3TLOfcNPh`LOHbFLOHkLONPY;bt]cNMDFEiLONPHaI$bcNPm$NMLOfj
bFL^]xnSfFLaK¦bFLONPKPWXLONM]FL`LOfF]cbﬃH
aADFE|[-LOfxg?NPbcbFLOKPZ-H-Yo-VLOfﬃm$NMLOKML

«3TLOfcNPh`LOHbFL`Z-H#[i{LOfF]cZ#DFE#]cTLOfF]FGAH#LOHwvw¬-f
U
HbFLOfF]cZ#DFEZ-H-YLOHmGAfSDFE-NPfcZ-fcY;NM]FDFE#LOH

NPH-Y;fcN

LOH(k^Z-f2nSV-Y;fFLOH-k^Z-H-Y/mGAH(NM]cNPIG;]cbcfcZ-I$bcZ-fFLOH?WXLOfF[-LOHiLOE#LOf
LONPH3UqaADFE#LCbcNPhZ-KabcNMGAH#LOHmLOfcWXLOH#[-LOb[3NML=LONPH#L=]cbuafcIL=nSI$bcNPm$NMLOfcZ-H-YoVL^]cbcNPh=hbFLOfstLOE-NPfcH-fFLOY;NMGAH#LOH|E#LOfj
mGAfcfcZ3ULOHwv
¬-fi[3NML^]FL|nSfcVLONPb?WZ-fF[-LOHﬀk^Z-h`LONM]cbi]FGAYLOH
aH-HbFL¬NPH-YLOfcbuaT-T-NPH-Y

«3TLOfcNPh`LOHbFL[3Z-fFDFE-YLpU+-E-fcb ^,m$Y;Kqv
 ]    "
#  
   
Q C E >;Ł(S9`pVLONt[-LOH#LOH¨[-LOfr_)abcNMLOHboWedE-fFLOH#[¨[-LOfRCbcNPhZ-KabcNMGAH#]cT-E
aA]FLiNPHh`lAY;KPNMDFE#]cbo]FDFE-H#LOKPKMLOfo¬#GAKPYL
k^WXLON¬NPH-YLOfNPHR[-LOfeUGAKPYLOH#[-LOHiC$L^§Z#LOH-kxk^Z#]uah=h`LOH3U+-E-fcb ﬃ^+ﬃaZ-h`LOH>

8

1<LONPYLpy#H-YLOf 
 ; 

ﬂ4ﬂ4ﬂ
`
8
j ; 

8
j9Ł 

8
j!? 

8
j B 

8
j!? 

8
j9Ł 

8
j ; 
Z#]cWxv¥}dE-fFLOH#[i[-LOfﬃZ-E#LOT-E
aA]FL7y#H#[-LObtILONPH#L=¬NPH-YLOfcVLOWXLOY;Z-H-Y?]cbuabcbv2NML^]FL^]

«3TLOfcNPh`LOHbKPNMLpULOfcbk^Z-h¯LONPH#LOHR]FLOE-fek^Z-mLOfcKdA]F]cNPY`nSI$bcNPm$NMLOfcZ-H-YLOHrZ-H#[U+-E-fcbek^Z-h¢aH#[-LOfFLOHrUqaA]cbeLOVLOH#]FG
k^Z-mLOfcKdA]F]cNPY/k^Z?[-LOH(LONPYLOHbcKPNMDFEiZ-H#LOfcW-H#]FDFEbFLOHQSGAT3U+VLOWXLOY;Z-H-YLOH ^+]cNMLOE#L Q

n
U
>CDVS!#nSV#]FDFE-H-NPbcbtŁ3v
8
v ;:`p
[-LOfFLOH/nSZ#]cWNPfcI$Z-H-YLOH[3Z-fFDFELONPH#L

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-feLOHbULOfcHbXWXLOfF[-LOH]FGAKPKMLOHwv!H/nSV-V-NPKM[3Z-H-Y ;3v ;ﬃNM]cb
790
800
810
820
830
840
850
1 6 11 16 21 26 31 36 41
Datensatznummer
G
ra
u
w
er
td
es

Vo
x
el
s
In
ak
tiv























Ak
tiv
nSV-V-NPKM[3Z-H-Y ;3v ; ${LOfcKaZ3U)[-L^]s2fuaZWXLOfcbFL^]LONPH#L^]LONPH-kLOKPH#LOHo{G^«-LOKM]eNPHrLONPH#LOh H#LOZ-fFGAH
aKaI$bcNPmLOH

LOfFLONMDFE
NPh¯{LOfcY;KMLONMDFE?k^Z-h CbcNPhZ-KabcNMGAH#]cT
afuaA[3NPY;h/a/-VLOfSLONPH#LOH <LONPbcfuaZ-h¢mGAH?Ł=g?NPHZ-bFLOHwv
[-LOfﬃkLONPbcKPNMDFE#L`{LOfcKaZ3U[-LOf7s2fuaZWXLOfcbFLLONPH#L^]ﬃ{G^«-LOKM]ﬃNPh h`GAbFGAfcNM]FDFE#LOHQSGAfcbFLp«WedE-fFLOH#[|LONPH#L^]x]FGAKMDFE#LOH

«3TLOfcNPh`LOHbF]7[#afcYL^]cbFLOKPKPbv2NML=mLOfcklAYLOfcbFL/nSHb!WXGAfcb[-L^]

WFNwSj!QSGAHbcfuaA]cbFL^]`aZ3U[3NMLCbcNPhZ-KabcNMGAHNM]cb
NPH?[3NML^]FLOf <LONPbcfFLONPE#LxI$KafSLOfcILOH-HV
afv

]hZ-raH-YLOh`LOfcI$bSWXLOfF[-LOHw
[#a[3NMLﬃE-NMLOfYLOkLONPY;bFLnSI$bcNPm$NMLOfcZ-H-Y
LONPH#LOH}]FLOE-fY;Z-bFLOH}¬
aKPKﬃ[#afF]cbFLOKPKPbv 2GAfch/aKMLOfcWXLONM]FL]cNPH#[\[3NML <LONPbcfFLONPE#LOH¨H-NMDFEbR]FG[-LOZ-bcKPNMDFE}h=NPbo[-LOh
CbcNPhZ-KabcNMGAH#]cT
afuaA[3NPY;h/a/IGAfcfFLOKPNMLOfcb
 [3NMLCNPY;H
aKM]FDFEWeaH-I$Z-H-YLOHVLObcfuaYLOH|L-rv
 

7'-

 8c5 -."
2
 (*
taADFE\[-LOf/ﬃabFLOH
aZ3U+H
aE-h`L?hZ-LOHbF]FDFE-NML^[-LOH¨WXLOfF[-LOHwXGAV[3NML <LONPbcfFLONPE#L(LONPH#L^]`{G^«-LOKM][-LOf

WFNwSj
nSHb!WXGAfcb[-L^]7CbcNPhZ-KabcNMGAH#]cT
afuaA[3NPY;h/aA]NPHT
aA]F]FLOH#[-LOfﬃ¥ﬂLONM]FL=LOHbF]cT-fcNMDFEbvnSh

H#[-L=[-LOfxnSZ#]cWXLOfcbcZ-H-Y
]FGAKPK)[-L^]cWXLOYLOHﬂLONPH#L7¥|aE-fF]FDFE#LONPH-KPNMDFE-ILONPbﬃU+-fﬃ[3NML7nSI$bcNPm$NPbudbﬃLONPH#L^]2{G^«-LOKM]xaH-YLOYLOVLOHiWXLOfF[-LOHIlAH-H#LOHwv
ESNMLOfck^Z|WXLOfF[-LOH[3NMLrCNPY;H
aKPZ-HbFLOfF]FDFE-NML^[-Lok^WNM]FDFE#LOHZ-E#Lpj2Z-H#[|nSI$bcNPm$NMLOfcZ-H-Y]cT-E
aA]FLOH|h=NPb ESNPKzUL`]cbuabcNzj
]cbcNM]FDFE#LOfSg(LObcE#G$[-LOH?§Z
aHbcNzy#k^NMLOfcbv¬-fS[3NMLxtLObuaNPKM]S-VLOf[3NML^]FL^]IGAh=T-KMLp«-L]cbuabcNM]cbcNM]FDFE#Lx_¦fFGAV-KMLOh WNPfF[
aHr[3NML^]FLOfSCbFLOKPKMLtaZ3U[3NML2-V-KPNMDFE#L N5NPbFLOfuabcZ-fek^Z-fSCbuabcNM]cbcNPI`mLOfcWNML^]FLOH
3NPH#]cVL^]FGAH#[-LOfFLtaVLOfaZ3U Q ¬)S >CBV1S
Z-H#[ Q ¥ W2F>CBVS!v
ﬀP !ﬀPﬂ)  ! S ,?R  "ﬁ/%ﬁ('  #C0 #& #&  ( ,F  #
!hªLONPH3UqaADFE#]cbFLOH¬
aKPKXWXLOfF[-LOH[3NML/g?NPbcbFLOKPWXLOfcbFLr[-LOf=s2fuaZ#]cbcZ3ULOHLONPH#L^]{G^«-LOKM]WedE-fFLOH#[[-LOf`CbcNPhZ-Kaj
bcNMGAH#]cT-E
aA]FLOH(h=NPb2[-LOHig?NPbcbFLOKPWXLOfcbFLOHiWedE-fFLOH#[i[-LOftZ-E#LOT-E
aA]FLOH(mLOfcY;KPNMDFE#LOHwvﬃa`k^Z

LOY;NPH-H(Z-H#[?k^Z-h

H#[-LLONPH#LOfCbcNPhZ-KabcNMGAHoaZ3U+Y;fcZ-H#[/[-LOf{LOfcklAYLOfcZ-H-Y[-LOfE
dh`G$[3$H
ah=NM]FDFE#LOHrnSHb!WXGAfcbXILONPH]FGUGAfcbcNPYLOf
¥ﬂL^DFE#]FLOK[-LOf{G^«-LOKPWXLOfcbFLok^Z LOfcWeafcbFLOHJNM]cbWXLOfF[-LOH[3NMLcLOWXLONPKM]=LOfF]cbFLOH

NPKM[-LOfH
aADFEJLONPH#LOh ¥ﬂL^DFE#]FLOK
[-L^]XnSI$bcNPm$NMLOfcZ-H-Y]ck^Z#]cbuaH#[-L^]XNPY;H#GAfcNMLOfcbv3!H[3NML^]FLOh <LONPbcfuaZ-h E
abe[-LOf

WFNwSj!QSGAHbcfuaA]cb]FLONPHrg?NPH-NPhZ-h
V-k^Wxvgia«3NPhZ-h LOfcfFLONMDFEbU^+]cNMLOE#LnSV-V-NPKM[3Z-H-Y-;3v Ł:`pv

]7]cbFLOKPKPb]cNMDFE [3NML¬-fuaYL;)GAV[3NMLr]FGRYLOWXGAH-H#LOH#LOH
g?NPbcbFLOKPWXLOfcbFL`NPhª2aE-h`LOHﬂNPE-fFLOfx{afcNaH-kLOH|mLOfcbcfudY;KPNMDFE]cNPH#[5wGAVaKM]FGo[3NML SZ-KPKPE$TGAbcE#L^]FL;[#aRILONPH#L
nSI$bcNPm$NMLOfcZ-H-Y(mGAfcKPNMLOY;bk^Z-bcfcN

bv2NML^]FL¬-fuaYL/I;aH-HZ-HbFLOfYLOWNM]F]FLOH{GAfuaZ#]F]FLObck^Z-H-YLOHh=NPbﬀESNPKzUL`mGAH
 -  	
  ]ﬀﬁﬂ
ﬃﬀ
  ﬁ:$
ﬁﬁ
  "ﬁ#
*Y& 	 & 
Stimulationsparadigma
Ideal. BOLD Antwort
Werte für Aktivität
Werte für Ruhephase
Zeit
nSV-V-NPKM[3Z-H-YS;3v Ł #CbcNPhZ-KabcNMGAH#]cT
afuaA[3NPY;h/aU^!WSVLOH?` 
39[-LaKPNM]cNMLOfcbFL

WFNw1nSHb!WXGAfcb ^+g?NPbcbFL(` 
${LOfcWXLOH#[-LObFL
¥ﬂLOfcbFLﬃU+-f[3NMLﬃnSI$bcNPm$NPbudbF]jZ-H#[RZ-E#LOT-E
aA]FL ^
U
HbFLOH?`
]cbuabcNM]cbcNM]FDFE#LOHXLL^]cbF]VLaHb!WXGAfcbFLObtWXLOfF[-LOHwv

LONPh¢_¦fc3ULOH(LONPH#LOf SZ-KPKPEGAbcE#L^]FLaH-E
aH#[?LONPH#L^]MLL^]cbS]cNPH#[
k^WXLON¬#LOE-KMLOHbF]FDFE#LONM[3Z-H-YLOHJh`lAY;KPNMDFEwv

]I;aH-H]FGWXGAE-KXUqaKM]FDFE#LnSI$bcNPm$NPbudbaH-YLOkLONPY;bWXLOfF[-LOHwWXLONPK[3NML
SZ-KPKPE$TGAbcE#L^]FL=k^Z
U
H-fFL^DFEb7aV-YLOKMLOE-HbxWNPfF[ ^+¬#LOE-KMLOfLOfF]cbFLOfxnSfcb;`p5aKM]xaZ#DFEﬂfFLaKML=nSI$bcNPm$NPbudbtmLOfcKMGAfFLOH
YLOE#LOHw#WXLONPK[3NML SZ-KPKPE$TGAbcE#L^]FLﬃk^Z
U
H-fFL^DFEbSVLONPVLOE
aKPbFLOHRWNPfF[^+¬#LOE-KMLOfSk^WXLONPbFLOf2nSfcb;`pv
tLOfx]FGAYLOH
aH-HbFLCbcZ#[-LOHb ]ﬃbjﬂLL^]cbﬃmLOfcY;KMLONMDFEb7[3NMLg?NPbcbFLOKPWXLOfcbFL 

1
Z-H#[ 

#
k^WXLONMLOfﬃZ-H
aV-E
dH-Y;NPYLOfﬀ<
Z3j
UqaKPKM]F]cbcNMDFE-T-fFGAVLOHh=NPb7[-LOh
U
hUqaH-Y\aZ#]xYaZ-;mLOfcbFLONPKPbFLOHs2fcZ-H#[3YL^]uahbcE#LONPbFLOHwv¦2NML`{afcNaH-kLOH[-LOf
g?NPbcbFLOKPWXLOfcbFLS]cNPH#[[3Z-fFDFE

1
Z-H#[

#
YLOYLOVLOHwv

LON-Y;KMLONMDFE#LOh
U
hUqaH-Yx[-LOfCbcNMDFE-T-fFGAVLOH/WNPfF[=[-LOf J¥ﬂLOfcb
H
aADFERUGAKPYLOH#[-LOfS¬#GAfch`LOKVLOfFL^DFE-H#LOb 
J<
9
 

1
- 

#
9
 
I
=
E

I
I

ﬂ
^$;3v
8
`
¬-fZ-H-Y;KMLONMDFE#L
U
hUqdH-YLr[-LOf7VLONM[-LOHCbcNMDFE-T-fFGAVLOHY;NPKPb=LONPH#L/KMLONMDFEb=h`G$[3Nzy#k^NMLOfcbFLr¬#GAfch`LOKR^+]cNMLOE#L/kv

v
Q C$nD >CDﬂS9`pvtLOf2J¥ﬂLOfcbtNM]cbﬃLONPHgia/U+-fﬃ[3NMLQSGAh=T
abcNPV-NPKPNPbudb7[-LOfﬃg?NPbcbFLOKPWXLOfcbFL;vs2fFlALOfFL¥ﬂLOfcbFL7mGAHJ
kLONPYLOHLONPH#LY;fFlALOfFLnSVWXLONMDFEZ-H-Y?[-LOftg?NPbcbFLOKPWXLOfcbFL7mGAH#LONPH
aH#[-LOfxaHwv5CNPH#[([3NML7G-v Y#v
{GAfuaZ#]F]FLObck^Z-H-YLOH
LOfU+-KPKPb
]FG=I;aH-H([-LOfDJe¥ﬂLOfcbSh=NPbFESNPKzULx[-LOftCbcZ#[-LOHb ]2bjq{LOfcbFLONPKPZ-H-YNPH(LONPH#Lx¥|aE-fF]FDFE#LONPH-KPNMDFE-ILONPb	i[-LOf
{LOfcbcfudY;KPNMDFE-ILONPbth=NPb[-LOf SZ-KPKPE$TGAbcE#L^]FLﬃZ-h=YLOfFL^DFE-H#LOb2WXLOfF[-LOH 
  J &>3P	<&L-



3#
*
1
#
&
#


B
@

#
3
B
8=
I
V

^$;3v ;:`
IHKJ
*




& 
3



7	

ﬀ 	

2@ﬁ 	
ﬂ

V

7	 ﬃ
1
J
3
B
1
F
B
V
J
ﬂ
ﬃaVLONNM]cb 38  -}[3NMLRnSH-kaE-KS[-LOf/¬-fFLONPE#LONPbF]cY;fuaA[-L;vXtLOf`¥ﬂLOfcb`mGAH  J &>3P	7WNPfF[ h=NPbSESNPKzULomGAH
HZ-h`LOfcNM]FDFE#LOHinST-T-fFG^«3NPh/abcNMGAH#LOH(VLOfFL^DFE-H#LObv
ﬃaA]S_¦fFGAV-KMLOh VLON[-LOf{LOfcWXLOH#[3Z-H-Yo[-LOfbjCbuabcNM]cbcNPIoKPNMLOY;bS[#afcNPHw
[#a[3NMLﬃ{GAfuaZ#]F]FLObck^Z-H-YLOHi[-L^]MLL^]cbF]
H-NMDFEbIGAH#]FL^§Z#LOHbLOfU+-KPKPb]cNPH#[5v;2NML

NPH-kLOKPh`L^]F]cZ-H-YLOH[-LOf¦{G^«-LOK
]cNPH#[7H-NMDFEbmGAH#LONPH
aH#[-LOfZ-H
aV-E
dH-Y;NPY#v
nSZ3U+Y;fcZ-H#[RmGAHCbFLaA[3jCbuabFL

LOI$bFLOH?NM]cbS[-LOfﬃs2fuaZWXLOfcbﬃLONPH#L^]{G^«-LOKM]Sk^Z(LONPH#LOh<LONPbcT-Z-H-I$b2mGAH([-LOH
mGAfcE#LOfcNPYLOHg(L^]F]cZ-H-YLOH aV-E
dH-Y;NPY#v)¥ﬂLONPbFLOfcE-NPHJ]cbuah=h`LOHJ[3NMLRCbcNMDFE-T-fFGAVLOH H-NMDFEb/aZ#]YaZ-;mLOfcbFLONPKPbFLOH
stL^]uahbcE#LONPbFLOHwv¥}dfFLe[#aA]¦2aZ#]FDFE#LOH`[-LOf<LONPbcfFLONPE#LOH-T-Z-H-I$bFLNPH=[-LOfnSI$bcNPm$NPbudbF]j5V-k^WxvAZ-E#LOT-E
aA]FLeWXLONP#
]FGWedfFL[3NML^]FLt{GAfuaZ#]FLObck^Z-H-YLOfU+-KPKPbv#2NML^]NM]cbHZ-fSNPHRLOfF]cbFLOf tdE#LOfcZ-H-Y/[-LOfS¬
aKPKqv
 ]    "
#  
    
ﬃaA]t_¦fFGAV-KMLOh[-LOfﬃnSVWXLONMDFEZ-H-YRmGAH[-LOfsﬃaZ-;mLOfcbFLONPKPZ-H-YoI;aH-Hi[3Z-fFDFEﬂ[3NML{LOfcWXLOH#[3Z-H-YRmLOfcbFLONPKPZ-H-Y]j
Z-H
aV-E
dH-Y;NPYLOf`{LOfUqaE-fFLOH YLOKMl;]cbWXLOfF[-LOHwv(ESNMLOfNM]cb=[-LOf=QSGAKPh`GAYGAfFGmjCh=NPfcH#G

jﬂLL^]cbrk^ZH#LOH-H#LOHw¦[-LOf
[3NMLtg(LO;WXLOfcbFLtE-NPH#]cNMDFEbcKPNMDFE?[-LOf¬-fuaYL;-GAVr]cNMLﬃaZ#]e[-LOfF]FLOKPVLOH?s2fcZ-H#[3YL^]uahbcE#LONPbS]cbuah=h`LOHw3mLOfcY;KMLONMDFEbv
¬-f[3NML

L^]FDFE-fFLONPV-Z-H-Yi]FLONE-NMLOf7aZ3U[3NML`-V-KPNMDFE#LSN5NPbFLOfuabcZ-f7k^Z-fCbuabcNM]cbcNPIimLOfcWNML^]FLOH ^,kv

v Q C$nD >CDVS9`pv
ﬃaA]_¦fFGAV-KMLOh [-LOfSnSV-E
dH-Y;NPY;ILONPb2[-LOfSg(LO;WXLOfcbFL7[-LOftCbcNMDFE-T-fFGAVLOH?V-KMLONPV-btaZ#DFERE-NMLOfVL^]cbFLOE#LOHw
]FG=[#a
[3NML`nSHWXLOH#[3Z-H-Yi[3NML^]FL^] LL^]cbLOVLOH3UqaKPKM]xH-NMDFEbLONPHWeaH#[$U+fFLONXNM]cbﬃZ-H#[ﬂI$fcNPbcNM]cNMLOfcbxWNPfF[ ^+]cNMLOE#LUQ nSs
U
>C:(S9`pv
<
Z#[-LOh NM]cb[3NMLYLwfFLOH-H#]FDFE
dfUL[3NML^]FLOfSg(LObcE#G$[-LOHRYLOfcNPH-YLOfv
ﬀP !ﬀP  	 2,&,& "ﬃ!0 #& 	ﬁ S $#  "ﬂﬁ( ,   /( "ﬃﬂﬃ U %ﬁ#O#& 	ﬁ
nSH#]cbuabcb^WNML¦NPHxnSV-V-NPKM[3Z-H-Y ;3v ŁeYLOkLONPY;bVL^]cbcNPh=hbFL

NPKM[-LOfaZ#][-LOfnSH
aKP3]FL¦[-LOfﬃabFLOH7aZ#]ck^Z#]FDFE-KPNMLOLOH
Z-H#[LONPH#LOH|]cbuabcNM]cbcNM]FDFE#LOHLL^]cbaH-k^ZWXLOH#[-LOHwNM]cbxL^]aZ#DFEﬂh`lAY;KPNMDFEw[3NMLYLOh`L^]F]FLOH#LOH|ﬃabFLOHh=NPbLONPH#LOf
g(G$[-LOKPKzU+Z-H-I$bcNMGAHrk^ZrmLOfcY;KMLONMDFE#LOHwv
ﬃak^ZrhZ-`[3NMLtLOfcWeafcbFLObFL

WFNw&nSHb!WXGAfcb ¦aZ3U)[#aA]emGAfcYLOYLOVLOH#L
CbcNPhZ-KabcNMGAH#]cT
afuaA[3NPY;h/aih=NPb ESNPKzUL/LONPH#L^]g(G$[-LOKPKM]VLOfFL^DFE-H#LObZ-H#[|h=NPb[-LOHYLOh`L^]F]FLOH#LOH¥ﬂLOfcbFLOH  
IGAfcfFLOKPNMLOfcbWXLOfF[-LOHwv
tLOfS_LafF]FGAH(QSGAfcfFLOKabcNMGAH#]cIG$Lp±`k^NMLOHb

NM]cb[-Lpy#H-NMLOfcbtaKM] 




,  -  
	ﬀ  -   	



,  -   	
#



ﬀ  -   	
#
ﬂ
^$;3v Ł:`
tLOfﬃ¥ﬂLOfcbﬃmGAH

KPNMLOY;bﬃk^WNM]FDFE#LOHC-Z-H#[ Z-H#[iY;NPV-bxLONPHﬂgiarU+-fﬃ[3NML/s2-bFL=[-LOf
ﬂ
VLOfFLONPH#]cbcNPh=hZ-H-Y
k^WNM]FDFE#LOH(g(G$[-LOKPKwZ-H#[Rg(LO[#abFLOHiaHwv

NPH?¥ﬂLOfcbSmGAH

h=NPb2[-LOh

LObcfuaY(ﬃVL^[-LOZ-bFLOb2LONPH#LOHRTLOfULOI$bFLOH
KPNPH#LafFLOH<
Z#]uah=h`LOH-E
aH-Y`[-LOfe¬#GAfch   

# '@vﬃaA]X{GAfckLONMDFE#LOHomGAH

Y;NPV-be[#aA]X{GAfckLONMDFE#LOHR[-LOf
CbFLONPY;Z-H-Y

aHwvtLOfQSGAfcfFLOKabcNMGAH#]cIG$Lp±`k^NMLOHbI;aH-Hh=NPb ESNPKzUL[-L^]wUGAKPYLOH#[-LOH <
Z#]uah=h`LOH-E
aH-YL^])NPHLONPH#LOH
J!jq¥ﬂLOfcbtZ-h=YLOfFL^DFE-H#LObxWXLOfF[-LOHw5[-LOfth=NPb ESNPKzULmGAH|s2KMLONMDFEZ-H-YX;3v ;/Z-H#[ 3   - /¬-fFLONPE#LONPbF]cY;fuaA[-LOHﬂNPH
LONPH#LX¥|aE-fF]FDFE#LONPH-KPNMDFE-ILONPbF]uaZ#]F]uaYLZ-hUGAfchZ-KPNMLOfcbWXLOfF[-LOH=I;aH-Hwv

NPH#LQSGAfcfFLOKabcNMGAH`h=NPb¦LONPH#LOfSL^DFEbFL^DFIj
¬-Z-H-I$bcNMGAHRKPNMLpULOfcbS[#aH-H?[#aA]F]FLOKPVL

fcYLOV-H-NM]WNMLxLONPHRbjﬂLL^]cbv
J<


I-
L-

#
ﬂ
^$;3v ?1`
nSZ#DFE=VLON-[-LOfQSGAfcfFLOKabcNMGAH]cNPH#[=nSVWXLONMDFEZ-H-Y7mGAH`[-LOfXsﬃaZ-;mLOfcbFLONPKPZ-H-YH-NMDFEbLOfcKaZ-V-bvnSH`[3NML^]FLOfXCbFLOKPKML
]cNPH#[=[3NML2CTLafch/aH2aH-YQSGAfcfFLOKabcNMGAHZ-H#[`[#aA]]FGAYLOH
aH-HbFLSQﬃLOH#[#aKPKk^Z`H#LOH-H#LOH ^,kv

v;NPHUQ _

>C;VS9`p
[3NMLﬃ[-LOh¢QSGAKPh`GAYGAfFGmjCh=NPfcH#G

jﬂLL^]cbﬃNPHoNPE-fFLOH?]cbuabcNM]cbcNM]FDFE#LOH

NPYLOH#]FDFE
aU+bFLOHidE-H#LOKPHwv
ﬀP !ﬀP ! -% !RX!,%ﬁ('2 "ﬁ ﬃ 	ﬁ  ﬂﬃ$#C ,.ﬁ
{GAfe[-LOfnSHWXLOH#[3Z-H-Y`[-LOf]cbuabcNM]cbcNM]FDFE#LOHr{LOfUqaE-fFLOHrNM]cbeL^]eGU+bXH#lAbcNPY#3[3NML2YLOh`L^]F]FLOH#LOHoﬃabFLOHrk^Z/y#KPbFLOfcHw
aKM]FGeYLOWNM]F]FL¬-fFL^§Z#LOH-k^VLOfFLONMDFE#Lk^ZﬃZ-HbFLOfF[3fc#DFILOHwvA2dZ-h=KPNMDFE#LLeNMLpU+T
aAy#KPbFLOfmLOfch=NPH#[-LOfcH7[#aA]2aZ#]FDFE#LOH
NPHo[-LOHo{G^«-LOKPkLONPbcfFLONPE#LOHw#[#a]cNML2NPh¯_¦fcNPH-k^NPT?g?NPbcbFLOKPWXLOfcbFLaZ#]eh`LOE-fFLOfFLOHo{G^«-LOKPHRVLOfFL^DFE-H#LOHwv#tLOf_¦fFLONM]
E-NMLOfU+-fNM]cbSLONPH#LtmLOfch=NPH#[-LOfcbFLﬀWSfcbF]uaZ3
l;]cZ-H-Y#v
<LONPbcKPNMDFE#L`¬NPKPbFLOfx]FGAKPKMLOHKaH-Y]uah`L=2fcNzU+bFLOHw5[3NMLNPHﬂ[-LOH<LONPbcfFLONPE#LOH|mGAfcE
aH#[-LOH|]cNPH#[5LOHbULOfcH#LOHwvw2NML^]FL
IlAH-H#LOHoNPE-fFL
U
fF]uaADFE#LOHoVLONM]cT-NMLOKM]cWXLONM]FLﬃNPHo¥}dfch`L^[3fcNzU+bFLOH?[-L^] LGAh`GAY;fuaT-E#LOH(G$[-LOfKaH-Y]uah`LOHRT-E3]cNMGj
KMGAY;NM]FDFE#LOHi{LOfudH#[-LOfcZ-H-YLOHE
aVLOHwvtL^]cWXLOYLOHiI;aH-HiL^]2]cNPH-HmGAKPK¦]FLONPHw
H-NML^[-LOfU+fFL^§Z#LOHbFL=¬-fFL^§Z#LOH-k^IGAhj
TGAH#LOHbFLOH(aZ#]S[-LOHX<LONPbcfFLONPE#LOH?k^Z?LOHbULOfcH#LOHwv

]thZ-cL^[-G$DFEVLaADFEbFLObxWXLOfF[-LOHww[#aoLONPH#L=LONPH3UqaADFE#L=kLONPbcKPNMDFE#L`¬NPKPbFLOfcZ-H-YR[3NML=nSH-kaE-K¦[-LOfx¬-fFLONPE#LONPbF]j
Y;fuaA[-L`[-LOf <LONPbcfFLONPE#L`mLOfudH#[-LOfcbvwnSH#]FDFE
aZ-KPNMDFE|YL^]cT-fFG$DFE#LOH]cNPH#[iH
aADFE|[-LOf¬NPKPbFLOfcZ-H-YRH-NMDFEbh`LOE-f7aKPKML
{LOfcKdZ3ULt[-LOfF<LONPbcfFLONPE#Lth`lAY;KPNMDFEw#[5v Ewv-[-LOfFLOHr{afcNabcNMGAH#]ch`lAY;KPNMDFE-ILONPbFLOHi]cNPH#[oLONPH-YL^]FDFE-fudH-I$bv-2NML^]ehZ-
VLON[-LOf

LOfFL^DFE-HZ-H-Y`[-LOfe¥|aE-fF]FDFE#LONPH-KPNMDFE-ILONPbF]cWXLOfcbFLxVLOfc#DFI3]cNMDFEbcNPY;bWXLOfF[-LOHw-[#a7aH#]FGAH#]cbFLOHrk^Zr]cNPY;H-Nzy-j
I;aHbFLﬃ¥ﬂLOfcbFLxLOfch=NPbcbFLOKPbSW-fF[-LOHwv
  
	
  ]ﬀﬁﬂ
ﬃﬀ
  ﬁ:$
ﬁﬁ
  "ﬁ#
*Y& 	 & 
ﬀP !ﬀP  -0  +- "ﬁ( ,&0 ﬃ ﬂMﬂﬁ( 01,   /( "ﬃ
nSV#]FDFE-KPNMLOLOH#[i]FGAKPK[#aA]ﬃstLOH#LOfuaK N5NPH#Lafﬃg(G$[-LOK ^qs Nwg `emGAfcYL^]cbFLOKPKPb2WXLOfF[-LOH ^+]cNMLOE#L Q ¬)S >CBV S9`pv
2NML^]FLOf
jWNMLx[-LOf tah`Lx]FDFE#GAH(]uaY;bj]FLOE-fYLOH#LOfFLOKPKMLnSH#]uabckxI;aH-HRk^Z-f

LOfFL^DFE-HZ-H-YrLONPH#L^]bjﬂLL^]cb
LONPH#LOfSQSGAfj
fFLOKabcNMGAHG$[-LOfxIGAh=T-KPNPk^NMLOfcbFLOfFLOfg(G$[-LOKPKML=mLOfcWXLOH#[-LOb7WXLOfF[-LOHwv2NML=k^Z-Y;fcZ-H#[-L`KPNMLOYLOH#[-L/9[-L^L=[-L^]s Nwg
NM]cbLONPH#LSh`lAY;KPNMDFE#]cbGAT-bcNPh/aKMLﬃﬃafF]cbFLOKPKPZ-H-Y=[-LOfeYLOh`L^]F]FLOH#LOHoﬃabFLOHrh=NPb ESNPKzUL2LONPH#LOfSLONPE#LSmGAHog(G$[-LOKPKzj
U+Z-H-I$bcNMGAH#LOHwv$2NML^]FLg(G$[-LOKPKzU+Z-H-I$bcNMGAH#LOH/VL^]FDFE-fFLONPVLOHk^Z/LOfcWeafcbFLOH#[-L

LOI$bFLNPH[-LOH<LONPbcfFLONPE#LOHwWNMLS[3NML

WFNwSj!nSI$bcNPm$NMLOfcZ-H-Y7]FLOKPV#]cbG$[-LOfaZ#DFE/H-NML^[-LOfU+fFL^§Z#LOHbFLSnSH-KaYLOH#[3fcNzU+bFLOHwv <
NMLOK#[-L^]LOfF]cbFLOHC$DFE-fcNPbcbFL^]X[-LOf
nSH
aKP3]FLNM]cbL^][3NMLYLOh`L^]F]FLOH#LF<LONPbcfFLONPE#LSNPh CNPH-H#LS[-LOfI$KMLONPH#]cbFLOH SZ
aA[3fuabFLSh`lAY;KPNMDFE#]cbXY;Z-b[3Z-fFDFErLONPH#L
N5NPH#LafcIGAhV-NPH
abcNMGAHﬂ[-LOfg(G$[-LOKPKzU+Z-H-I$bcNMGAH#LOHRk^Z(aT-T-fFG^«3NPh=NMLOfFLOHwv
ﬃak^ZWXLOfF[-LOHJ[3NMLrg(G$[-LOKPKzU+Z-H-I$bcNMGAH#LOH NPH[3NMLRCT
aKPbFLOHJLONPH#LOf=tL^]cNPY;H-h/abcfcNz«  LONPH-YLObcfuaYLOHwv2NMLQSGj
Lp±`k^NMLOHbFLOHJk^Z-f

LOfFL^DFE-HZ-H-Y|[-LOf=GAT-bcNPh/aKMLOHJN5NPH#LafcIGAhV-NPH
abcNMGAH\WXLOfF[-LOH NPh {LOI$bFGAf

`LONPH-YLObcfuaYLOHw
[-L^]F]FLOH2NPh`LOH#]cNMGAHr[-LOfCT
aKPbFLOH
aH-kaE-K5[-LOfXgiabcfcNz« ­LOHbF]cT-fcNMDFEbv Etabh/aHr[#aA]GAT-bcNPh/aKML

eYLpU+Z-H#[-LOHw
]FGY;NPKPbU+-f[3NMLﬃYLOh`L^]F]FLOH#L <LONPbcfFLONPE#LxNPh¯{LOI$bFGAf





 8#

 @ F
 
^$;3v B:`
h=NPb F
 




8#" -





#
\IH 
ﬂ
2NML^]FL^]x]cbuafcI(-VLOfcVL^]cbcNPh=hbFLs2KMLONMDFEZ-H-Y]F]c3]cbFLOh Kd;bx]cNMDFEﬂh=NPbxLONPH#LOh NPHﬂnSV#]FDFE-H-NPbcbY?#v
8
v ;k^ZﬂLONPH#LOh
aH#[-LOfFLOH-<
WXL^DFIoH
dE#LOfSLOfcKdZ-bFLOfcbFLOH?{LOfUqaE-fFLOHRKMl;]FLOHwv

]Y;NPKPb 

 


O
# 

B
1
# 
O
#


ﬂ
^$;3v D:`
ﬃah=NPbeNM]cbe[3NML2GAT-bcNPh/aKML N5NPH#LafcIGAhV-NPH
abcNMGAH?VL^]cbcNPh=hbv3ﬃaA]

fcYLOV-H-NM]Y;NPV-baKPKMLOfF[3NPH-Y]eILONPH#LOfcKMLONwnSZ#]j
I$Z-H3U+b[#afc-VLOf3WNMLtY;Z-b[3NMLﬃg(LO[#abFLOHR[3Z-fFDFER[#aA]g(G$[-LOKPKwaT-T-fFG^«3NPh=NMLOfcbWXLOfF[-LOHRIlAH-H#LOHwv-ﬃak^ZoWNPfF[
[3NML72N

LOfFLOH-k

F[-L^]2g(LO;WXLOfcbFLOmLOI$bFGAfF]th=NPbt[-LOh [3Z-fFDFEi[3NML7GAT-bcNPh/aKML N5NPH#LafcIGAhV-NPH
abcNMGAHﬂYLOYLOVLOH#LOH
{LOI$bFGAfYLOV-NPKM[-LOb 

F  8#

-


ﬂ
^$;3v 9`
ﬃaNPH7[-LOf)giabcfcNz«  m$NMLOKML

LOI$bFL[#afcYL^]cbFLOKPKPb)WXLOfF[-LOH7IlAH-H#LOHwA[3NML¦U+-f[3NMLUg(SnSH
aKP3]FLGAE-H#L

LOKaH-Y
]cNPH#[ ^,kv

v#2fcNzU+bFLOH?`p3WNPfF[oLONPH?QSGAHbcfuaA]cbcmLOI$bFGAf

t[-Lpy#H-NMLOfcb#[-LOfeU+-f[3NMLtNPHbFLOfFL^]F]cNMLOfFLOH#[-LOH(g(G$[-LOKPKzU+Z-H-Ij
bcNMGAHLONPH#L?=Z-H#[|]FGAH#]cb7RLOHbcE
dKPbv)¬-fx{LOfcY;KMLONMDFE#Lk^WNM]FDFE#LOHk^WXLONXmLOfF]FDFE-NML^[-LOH#LOHg(G$[-LOKPKzU+Z-H-I$bcNMGAH#LOH
NPH-H#LOfcE
aKPVrLONPH#LOftL^]cNPY;H-h/abcfcNz« ^,kv

v;k^Z-fg(G$[-LOKPKPNMLOfcZ-H-YZ-HbFLOfF]FDFE-NML^[3KPNMDFE#LOfnSHb!WXGAfcbFLOHrNPH`Z-HbFLOfF]FDFE-NML^[$j
KPNMDFE#LOHstLOE-NPfcH
afFLaKMLOH?`pLOHbcE
dKPbS[-LOf{LOI$bFGAfSLONPH#L`2U+-fS[3NMLﬃLONPH#Lx¬-Z-H-I$bcNMGAHRZ-H#[rU+-f[3NMLaH#[-LOfFL -;v
WSE-H#LaZ3U7[3NMLitLObuaNPKM]X[3NML(NPH Q ¬)S >CBV StYLpU+Z-H#[-LOH¨WXLOfF[-LOH}IlAH-H#LOH¨H
dE#LOfoLONPH-k^Z-YLOE#LOHweI;aH-H}LONPH#L
bjCbuabcNM]cbcNPIrVLOfFL^DFE-H#LObSWXLOfF[-LOH 



9

F
9
#
3
^$;3v : `
J<

L#




#
#

L#E 
O
#  	
B
1
# 
ﬂ
ﬃaVLONwNM]cb[3NMLxnSH-kaE-Kw[-LOfS¬-fFLONPE#LONPbF]cY;fuaA[-LxYLOYLOVLOH?[3Z-fFDFE 
3 
@
-

ﬀ  	
ﬂ
EtdZ3y#Y7WNPfF[[3NML^]FLFLL^DFE-H-NPI/k^Z-fX!h=T-KMLOh`LOHbcNMLOfcZ-H-Y=mGAH E2G$DFE-T
aAy#KPbFLOfcHU+-fX[3NML <LONPbcfFLONPE#LOHoLONPH-YL^]FLObck^b
NPH#[-LOh H-NML^[-LOfU+fFL^§Z#LOHbFL2fcNzU+bFLOH?aKM]eH-NMDFEbSNPHbFLOfFL^]F]cNMLOfFLOH#[-Lxg(G$[-LOKPKzU+Z-H-I$bcNMGAH#LOH(aZ3U+YLOH#GAh=h`LOHRWXLOfF[-LOHwv
2NMLR_¦fFGAV-KMLOh/abcNPIJ[-LOf 
SH#[-LOfcZ-H-Y[-LOf/¬-fFLONPE#LONPbF]cY;fuaA[-L([3Z-fFDFE\[3NMLR¬NPKPbFLOfcZ-H-YﬂI;aH-H[#ah=NPb/Z-h=YaH-YLOH
WXLOfF[-LOHwvnSZ#DFE?[3NML^]FL^]S]FLOE-fTGAT-Z-KdfFLx{LOfUqaE-fFLOHRYLOEbSmGAH?LONPH#LOfﬃsﬃaZ-;mLOfcbFLONPKPZ-H-Yr[-L^]2aZ#]FDFE#LOH#]SZ-H#[
LONPH#LOf
U
H
aV-E
dH-Y;NPY;ILONPbt[-LOfg(LO;WXLOfcbFL7aZ#]v
,  .7( 

]    
 P       
    
!H([3NML^]FLOh QxaT-NPbFLOK)WXLOfF[-LOHLONPH-NPYL7Y;fcZ-H#[3KMLOYLOH#[-L
ﬂ
VLOfcKMLOY;Z-H-YLOH(k^Z-f
U
fF]uaADFE#LmGAH

LOWXLOY;Z-H-YLOHZ-H#[
[-LOfFLOHiQSGAfcfFLOI$bcZ-fﬃmGAfcYL^]cbFLOKPKPbvnSh

H#[-LWNPfF[iLOfcKdZ-bFLOfcbWeafcZ-hfFLObcfFG;]cTLOI$bcNPmL7QSGAfcfFLOI$bcZ-fFLOHYLOh`L^]j
]FLOH#LOftﬃabFLOHh=NPbﬃLONPH#LOfstLOH
aZ-NPY;ILONPbﬃZ-HbFLOfcE
aKPVﬂ[-L^]ﬃ2NM]cI$fFLObcNM]cNMLOfcZ-H-Y]uaV#]cbuaH#[-L^]t-VLOfcE
aZ-T-btU+Z-H-I$bcNMGj
H-NMLOfFLOHRIlAH-H#LOHwv
ﬁ

 8c5ﬃ7H"
0
 (*)-9( G
/
(

-.5 -9*) (*)-9(

LON[-LOfU+Z-H-I$bcNMGAH#LOKPKMLOH

NPKM[3YLOV-Z-H-Yh=NPbgiaY;H#LObcfFL^]FGAH
aH-k^bFGAh`GAY;fuaT-E-NMLx]FGAKPK[3NMLSkLONPbcKPNMDFE#L

Hb!WNMDFI$KPZ-H-Y
[-L^]=CNPY;H
aKM]7mGAHstLOE-NPfcHVLOfFLONMDFE#LOH NPHLONPH#LOf <LONPbcfFLONPE#LmGAHg(j

NPKM[-LOfcHh`lAY;KPNMDFE#]cbZ-H-YL^]cbFlAfcbVL^GAV3j
aADFEbFLObWXLOfF[-LOHwv

LOWXLOY;bS]cNMDFEo[-LOf_)abcNMLOHbWedE-fFLOH#[R[-LOfg(L^]F]cZ-H-Y#3]FG7WNPfF[o[3NMLY<LONPbcfFLONPE#LxLONPH#L^]e{G^«-LOKM]
[#aA[3Z-fFDFEJYL^]cbFlAfcb¦[#a taADFEV
afcmG^«-LOKSbFLONPKPWXLONM]FLoG$[-LOf=YaH-kR]FLONPH#LOHJ_¦KabckRLONPH-H#LOE-h`LOHwv2NML^]=I;aH-Hk^Z
LONPH#LOh¯]cbuafcILOHo]c3]cbFLOh/abcNM]FDFE#LOHo¬#LOE-KMLOfeNPHr[-LOH<LONPbcfFLONPE#LOHrU+-E-fFLOHwv NwLObck^bFLOH#[3KPNMDFE?LOHbF]cbFLOE#LOHrNPHo[-LOfe]cbuaj
bcNM]cbcNM]FDFE#LOH`nSZ#]cWXLOfcbcZ-H-YtULOE-KMLOfcE
aU+bFLSCNPY;H-Nzy#I;aH-kLOHwv

NPH=Y;fFGALOf(LLONPK#[-L^])]c3]cbFLOh/abcNM]FDFE#LOH`¬#LOE-KMLOfF][3Z-fFDFE
[3NML

LOWXLOY;Z-H-YLOHoI;aH-Hh=NPb ESNPKzUL2[-LOfenST-T-fFG^«3NPh/abcNMGAHRLOHbULOfcHbeWXLOfF[-LOHw-[#a]cNMDFEo[#aA]eaZ3U+YLOH#GAh=h`LOH#L
WSV3cLOI$bWedE-fFLOH#[?[-LOfSg(L^]F]cZ-H-Y=HZ-fWNMLxLONPHR]cbuafcfFLOfSQSlAfcTLOfSVLOWXLOY;bv
!ﬀPﬂ)Pﬂ) -, P0  ( "ﬁ ﬃ 	ﬁ P O#   R  '	%ﬁ('2 "ﬁ
2NML7NPHiLONPH#LOfﬃkLONPbcKPNMDFE#LOH|¬#GAKPYL=aZ3U+YLOH#GAh=h`LOH#LOH|[3fFLONM[3NPh`LOH#]cNMGAH
aKMLOHﬂ{GAKPZ-h=NPH
arIlAH-H#LOHﬂaZ#]tmLOfF]FDFE-NMLpj
[-LOH#LOHrs2fc-H#[-LOH`YLOYLOH#LONPH
aH#[-LOfXmLOfF]FDFE#GAVLOHwmLOfF[3fFLOEbXG$[-LOf¦mLOfUGAfchbX]FLONPHwv¬-f[3NML

LOWXLOY;Z-H-YNPH/[-LOH
aZ3U+YLOH#GAh=h`LOH#LOH

NPKM[-[#abFLOH|IGAh=h`LOH]FGWXGAE-Ke[3Z-fFDFE[-LOH_)abcNMLOHbFLOHJaKM]7aZ#DFE[3Z-fFDFE[-LOHLGAh`GAY;fuaj
T-E#LOH7VL^[3NPH-Y;bFLs2fc-H#[-LNPH¬-fuaYL;vC<
Z-h&LONPH#LOH7VLOWXLOY;b)]cNMDFE[-LOf_)abcNMLOHb¦WedE-fFLOH#[LONPH#LOfUg(Sqj!g(L^]F]cZ-H-Y#v
2NML^]FL

LOWXLOY;Z-H-YLOHr]cNPH#[NPH/[-LOH/aKPKMLOfch`LONM]cbFLOH¬¦dKPKMLOH`I$KMLONPH#LOfXaKM] -Jo 
]cNMLefFLONMDFE#LOHxcL^[-G$DFE=U+-fLONPH#L
[-LOZ-bcKPNMDFE#LX{LOfudH#[-LOfcZ-H-Yx[-LOf(<LONPbcfFLONPE#LOH`[-LOf{G^«-LOK-aZ#]WNMLNPHnSV#]FDFE-H-NPbcbŁ3v
8
v ;YLOkLONPY;b)WNPfF[5v¥}dE-fFLOH#[
[-LOfxg(L^]F]cZ-H-YrWNPfF[[-LOfx_)abcNMLOHbk^Weaf[3Z-fFDFEﬂh`L^DFE
aH-NM]FDFE#L/¬Nz«3NMLOfcZ-H-Y]cE-NPKzULOHaH

LOWXLOY;Z-H-YLOHﬂYLOE-NPH3j
[-LOfcb$[3NML^]FLSmLOfcE-NPH#[-LOfcHcL^[-G$DFEHZ-feY;fFGAVL

LOWXLOY;Z-H-YLOHwv-tLOHr_)abcNMLOHbFLOHoNPHr[-LOfeH#lAbcNPYLOH

«#aI$bcE#LONPbXk^Z
y-«3NMLOfFLOHw
NM]cbSV-NM]cE#LOf2HZ-f2h=NPbt]FGAYLOH
aH-HbFLOH]cbFLOfFL^GAbuaI$bcNM]FDFE#LOH2aE-h`LOH(YLOKPZ-H-YLOHwVLON[-LOH#LOHi[-LOftQSGAT3U
[3Z-fFDFER{LOfF]FDFE-fuaZ-V-Z-H-YLOH(NPH?[-LOHiC$DFE
dA[-LOKPI$H#G$DFE#LOH?YLOE
aKPbFLOH?WNPfF[5v
tL^]cWXLONPbFLOfFLOHNM]cb)[-LOf¦_)abcNMLOHb¦H-NMDFEb[3NMLeLONPH-k^NPYL
U
fF]uaADFE#LU+-f)_G;]cNPbcNMGAH#]udH#[-LOfcZ-H-YLOH`NPH[-LOH=g(j

NPKM[-LOfcHw
]FGx[#a7LONPH#L

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fXNPHxcL^[-LOh ¬
aKPKLOfUGAfF[-LOfcKPNMDFENM]cbv2NML

_qjC$L^§Z#LOH-k2h=NPb#;5%
#
_¦Z-H-I$bFLOH
nSZ3
l;]cZ-H-YﬃZ-H#[=LONPH#LOh

DFE#Gj

DFE#Gj!nSV#]cbuaH#[/mGAH; ;£E
ab¦NPH`_¦E
aA]FLOH-IG$[3NMLOfcfcNMDFEbcZ-H-Y=LONPH#L

aH#[3V-fFLONzj
bFLmGAH`Z-H-YLpUqdE-f ;CBYE2LOfcbckT-fFG_¦Nz«-LOKqv2NML^]FL

aH#[3V-fFLONPbFLSNM]cbNPH/[-LOfs2fFlALOH#GAfF[3HZ-H-Y[-L^][3Z-fFDFEbFL^DFE-H-Nzj
]FDFE#L!h=TLOfULOI$bcNMGAH#LOHmLOfcZ-fF]uaADFEbFLOHnSH-KaYLOH#[3fcNzU+bF][3NMLNPH-H#LOfcE
aKPV7[-LOfﬃaZ#LOfLONPH#L^]5Ug(Sqj

«3TLOfcNPh`LOHbF]
mGAH`Ł
@
g?NPHZ-bFLOH=h`lAY;KPNMDFE`NM]cbvA2NML^]U+-E-fcb)k^Z=LONPH#LOf){LOfF]FDFE-NMLOV-Z-H-Y[-LOf

NPKM[-LOf)NPH=_¦E
aA]FLOH-IG$[3NMLOfcfcNMDFEbcZ-H-Y#
[-LOfb!$T-NM]FDFE#LOfcWXLONM]FLNPHR[-LOHis2fFlALOH#GAfF[3HZ-H-YmGAH?LONPH#LOh {G^«-LOKwKPNMLOY;bv
;CB
    	
   ﬀﬁ

ﬀ
  % %
  
' !d$
 
nSZ#DFE E2LOfck]FDFE-KaYiZ-H#[nebchZ-H-Y[-L^]7_)abcNMLOHbFLOH mLOfcZ-fF]uaADFE#LOH

LOWXLOY;Z-H-YLOHZ-H#[LONPH#L/{LOfUGAfchZ-H-YLOH
[-L^]stLOE-NPfcH#]v2NML^]FLX_¦Z-KM]uabcNMGAH#LOH`[-L^]¦stLOE-NPfcH#])]cNPH#[I$fcNPbcNM]FDFEwA[#aKMGAI;aKML{LOfUGAfchZ-H-YLOH=H-NMDFEb¦[3Z-fFDFE`LONPH#L

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f[3NMLmGAHLONPH#LOf

LOWXLOY;Z-H-YxLONPH#L^])]cbuafcfFLOHQSlAfcTLOfF]aZ#]cYLOEbALOHbULOfcHb)WXLOfF[-LOH=IlAH3j
H#LOHwv#2NMLs2fFlALOH#GAfF[3HZ-H-YNM]cbH
aADFEQ ¬)S >CD;a(SwYLOfcNPH-Y`YLOYLOH-VLOf2[-LOf{G^«-LOKPY;fFlAL;v
2Z-fFDFE?[3NMLﬃnebchZ-H-Y
WNPfF[oaVLOfaZ#DFEo[3NMLxs2fFlAL2[-LOf N5Z-H-YL2mLOfudH#[-LOfcbv-2NML^]FLSZ-HbFLOfF]FDFE-NML^[3KPNMDFERY;fFGAL N5Z3U+bcV-KaA]FL2h`G$[3Nzy#k^NMLOfcb
[-LOH¬KPZ-([-L^]giaY;H#LObULOKM[-L^]7[3Z-fFDFE[-LOH|QSGAT3Ucv2NML^]I;aH-HﬂNPHLOfF]cbFLOf tdE#LOfcZ-H-Y?k^Z 
SH#[-LOfcZ-H-YLOH[-LOf
CNPY;H
aKPNPHbFLOH#]cNPbudb2NPH?[-LOH

NPKM[-LOfcHoU+-E-fFLOHwv
C$GWXGAE-K[3NMLtnebchZ-H-YaKM]aZ#DFER[-LOf E2LOfck]FDFE-KaY=E
aVLOHRLONPH#L2H
aADFEWXLONM]cV
afFL7nSZ#]cWNPfcI$Z-H-Y`aZ3U)[3NML2Ug(Sqj
g(LO;fFLONPE#L;w[3NML`aKPKMLOfF[3NPH-Y]xLOfcE#LOV-KPNMDFE|YLOfcNPH-YLOfaKM]x[3NML

LOI$bFL=[-LOfx_)abcNMLOHbFLOHVLOWXLOY;Z-H-Y]cNPH#[5v

]ﬃY;NPV-b
_¦Z-V-KPNPI;abcNMGAH#LOHwwNPH[-LOH#LOH{LOfUqaE-fFLOHk^Z-fxQSGAfcfFLOI$bcZ-f[3NML^]FLOf

LOI$bFLVL^]FDFE-fcNMLOVLOHWXLOfF[-LOHwvw2NML^]FLg(Lpj
bcE#G$[-LOHV
aA]cNMLOfFLOHﬂcL^[-G$DFEJH-NMDFEboaZ3UxLONPH#LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fX]FGAH#[-LOfcHmLOfF]cZ#DFE#LOH}aKM]/QSGAfcfFLOI$bcZ-f
LOfF]cbFLOf WSfF[3HZ-H-Yk^Z-h E2LOfck]FDFE-KaY7Z-H#[`k^Z-fXnebchZ-H-YIGAfcfFLOKPNMLOfcbFLﬃCNPY;H
aKMLtaZ#][-LOHLONPH-kLOKPH#LOH<LONPbcfFLONPE#LOH
k^ZLOHbULOfcH#LOHwv52NML^]FL7_¦fFGAV-KMLOh/abcNPI(WNPfF[i[-L^]cE
aKPViH-NMDFEbtNPh2aE-h`LOH[3NML^]FLOftnSfcVLONPb2VLObcfuaADFEbFLOb ^+]cNMLOE#L
kv

v Q s NOW
@C@
S9`pv

]SY;NPV-bH#G$DFE(LONPH#LSLONPE#LﬃWXLONPbFLOfFLOftnSfcbFLpUqaI$bFLxZ-H#[R]FLOI$Z-H#[#dfFLOf

LOI$bFL;
[3NML7aZ3U+Y;fcZ-H#[RmGAH

LOWXLOY;Z-H3j
YLOH([-L^]SQSGAT3UL^]2[3NMLxL^DFE#GAT-KaH
afFL

NPKM[3YLOV-Z-H-YVL^LONPH3#Z#]F]FLOHwv

NPH#L[-LObuaNPKPKPNMLOfcbFLOfFL

L^]FDFE-fFLONPV-Z-H-Yr[3NML^]FLOf

LOI$bFLaZ3U¦[3NMLtUg(Sqj <LONPbcfFLONPE#LtI;aH-HRNPHRQxaT-NPbFLOK >7YLpU+Z-H#[-LOHRWXLOfF[-LOHwv
!ﬀPﬂ)P    !,%ﬁ(' ﬃ 	ﬁ Q  R  '	%ﬁ('2 "ﬁ
2NMLx[#afcYL^]cbFLOKPKPbFLOH

LOI$bFLtU+-E-fFLOH(aKM]FG

LOWXLOY;Z-H-YLOH(NPH?[3NML <LONPbcfFLONPE#LxmGAH

NPKM[-LOfcH?LONPHw
[3NMLﬃ{LOfF]FDFE-NMLpj
V-Z-H-YLOHZ-H#[(SGAbuabcNMGAH#LOHmGAH(k^Z-h`LONM]cbtWXLOH-NPYLOfaKM]ﬃoZ-H#[xmLOfcZ-fF]uaADFE#LOHwv5ﬃa/[3NMLnSZ#]cWXLOfcbcZ-H-Y
U+Z-H-I$bcNMGAH#LOKPKMLOfg(

NPKM[-]FLOfcNMLOHﬂ[3NMLS<LONPbcfFLONPE#LOH|LONPH-kLOKPH#LOfx{G^«-LOK¦VLObcfuaADFEbFLObw]cbFLOKPKPbx]cNMDFEﬂ[3NML¬-fuaYL;5WNML
]cbuafcI?[3NML^]FL <LONPbcfFLONPE#LOH[3Z-fFDFE

LOWXLOY;Z-H-YLOHiYL^]cbFlAfcb2WXLOfF[-LOHiIlAH-H#LOHwvwstLOEb2h/aHi[#a^mGAHﬂaZ#]
[#ar[3NML
VL^GAV
aADFEbFLObFLOHiU+Z-H-I$bcNMGAH#LOKPKMLOHnSfFLaKMLh`LOE-fFLOfFL7Y;KMLONMDFE
afcbcNPYL7{G^«-LOK)-VLOfF[-L^DFILOHw]FG`NM]cb2LONPH#LI$KMLONPH#L

Lpj
WXLOY;Z-H-YRk^Z-H
dADFE#]cbﬃHZ-fﬃNPh2aH#[3VLOfFLONMDFE|[-L^]xaI$bcNPmLOH|stLOV-NMLObFL^]ﬃI$fcNPbcNM]FDFEwv

NPH

_qj

WFNw ﬃabFLOH#]uabck
LOHbcE
dKPbxaVLOft[-LOZ-bcKPNMDFE#L=aH
abFGAh=NM]FDFE#LQSGAHbcfuaA]cbFL;vC$G`KPNMLpULOfcbtLONPH(b!$T-NM]FDFE#L^]

NPKM[RNPh

LOfFLONMDFE[-LOf2D^LOfFLpj
V-fFG;]cT-NPH
aKMLOH¬KP#]F]cNPY;ILONPb ^KC$¬e¬KP#]F]cNPY;ILONPb[3NML[#aA]estLOE-NPfcH`Z-h=Y;NPV-b;`)LONPH#LOH/Z-H-YLpUqdf[-GAT-TLOKPb]FGtE#GAE#LOH
s2fuaZWXLOfcbﬃWNMLxNPH(Y;fuaZ#LOfxstLOE-NPfcH#]cZ-V#]cbuaH-kv2GAfch/aKMLOfcWXLONM]FL]cNPH#[?[3NML=s2fuaZWXLOfcbF]cT-fc-H-YLk^WNM]FDFE#LOH(VLpj
H
aADFEV
afcbFLOHi{G^«-LOKPH?H-NMDFEb2Lp«3bcfFLOhRvSNPh=hbSh/aH?LONPH#LOHCT-fcZ-H-Y`mGAH B
@C@
aZ3U 9 B
@
aHw#]FG=VLOWNPfcI$bSLONPH#L
LwfuaH#]cKabcNMGAHZ-h 1
1
1
LONPH#L^]ﬃ{G^«-LOKM]LONPH#L={LOfudH#[-LOfcZ-H-Yi[-L^]7s2fuaZWXLOfcbFL^]7mGAH B
@C@
aZ3U BC;CB ^+nSV-V-NPKM[3Z-H-Y
Ł3v
8
`pv
ﬃaVLON5WNPfF[(aKM]]FLOE-fSLONPH3UqaADFE#L ^aVLOfNPH-IGAfcfFLOI$bFL(`nST-T-fFG^«3NPh/abcNMGAHaH-YLOH#GAh=h`LOHw
[#a/LONPHR{G^«-LOK
[3NMLx2Z-fFDFE#]FDFE-H-NPbcbF]cNPH3UGAfch/abcNMGAH[-L^]mGAHRNPE-h aV-YL^[-L^DFI$bFLOH?{GAKPZ-h`LOH#]kLONPY;bv
750 500
525
nSV-V-NPKM[3Z-H-Y(Ł3v
8
¥\NPfcI$Z-H-YRLONPH#LOf LwfuaH#]cKabcNMGAHﬂZ-h [-LOHkLOE-HbFLOH LLONPKLONPH#L^]ﬃ{G^«-LOKM]ﬃNPHﬂLONPH#LOfLONPH3UqaADFE#LOH
nST-T-fFG^«3NPh/abcNMGAHwv

LON¦LONPH#LOftb!$T-NM]FDFE#LOH{G^«-LOKPY;fFlALmGAH /o
	NM]cbt[3NML^]tY;KMLONMDFEVL^[-LOZ-bFLOH#[h=NPbﬃLONPH#LOf LwfuaH#]cKabcNMGAHﬂZ-h
A;£5ªZ-H#[(LONPH#LOfxCNPY;H
aKM]FDFEWeaH-I$Z-H-YomGAH-B
v

VLOH#]FG/VLOWNPfcI$b2[-LOf

WFNw

LOI$b2LONPH#L 
SH#[-LOfcZ-H-Y
[-L^](s2fuaZWXLOfcbFL^]?[-LOfr{G^«-LOKﬃV-NM]rh/a«3NPh/aK B
v2NML 2GAb!WXLOH#[3NPY;ILONPb(LONPH#LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fRNM]cb
    ] '"?""
ﬁﬁ
 & 8

(
	 
"
 %
  
' !d$
 Y 8$  "
8 & 	Kﬁ:$
  
]FGAh=NPb[3NPfFLOI$bSLOfF]cNMDFEbcKPNMDFEw[#a=aZ#]b!$T-NM]FDFE#LOH(ﬃabFLOH#]udbckLOH?YL^]FDFE
dbck^bFL

LOWXLOY;Z-H-YLOHiLOfUqaE-fcZ-H-Y]cYLOh/d
[-LOZ-bcKPNMDFE?Y;fFlALOf2aKM] A;`£5]cNPH#[5v
_¦fcNPH-k^NPT-NMLOKPKI$fcNPbcNM]FDFER]cNPH#[rE
dZ3y#YLxZ-H#[o]FDFE-H#LOKPKML

LOWXLOY;Z-H-YLOHw[#a7E-NMLOfNPh ]FDFE-KPNPh=h`]cbFLOH?¬
aKPK[3NMLﬃIGAhj
T-KMLObcbFLX!H3UGAfch/abcNMGAH=[-LOf(<LONPbcfFLONPE#LXkLOfF]cbFlAfcb)WNPfF[5v{GAfcE
aH#[-LOH#LeH#LOZ-fFGAH
aKMLenSI$bcNPm$NPbudbV-KMLONPV-b¦]FGSLOmLOHbcZ#LOKPK
Z-H#LOfcI;aH-Hb ^+¬#LOE-KMLOfk^WXLONPbFLOfnSfcb;`pv-C$GAKMDFE#L

LOWXLOY;Z-H-YLOHobcfFLObFLOH7cL^[-G$DFENPHr[-LOf_¦fua«3NM]aZ3U+Y;fcZ-H#[r[-LOfe¬Nzj
«3NMLOfcZ-H-Y[-L^]QSGAT3UL^]H-NMDFEb/aZ3UcvOL$T-NM]FDFE ]cNPH#[E-NPH-YLOYLOHKaH-Y]uah`Lo2fcNzU+bFLOHwv2NML <LONPbcfFLONPE#LOH WXLOfF[-LOH
E-NMLOfF[3Z-fFDFE?k^WeafmLOfudH#[-LOfcb#kLONPYLOHiaVLOfH#G$DFE?[3NML E
afuaI$bFLOfcNM]cbcNPIo[-L^]2CbcNPhZ-KabcNMGAH#]cT
afuaA[3NPY;h/aA]v
¥}dfFLOH

LOWXLOY;Z-H-Y7Z-H#[/CbcNPhZ-KabcNMGAHr]cbuabcNM]cbcNM]FDFE`Z-H
aV-E
dH-Y;NPYLS_¦fFGAkL^]F]FL;]FGtKPNMLOL]cNMDFE/[3NML

LOWXLOY;Z-H-Y]j
T-fFGAV-KMLOh/abcNPI`[3Z-fFDFE/KaH-YLSg(LO;fFLONPE#LOHLOfcE#LOV-KPNMDFEmLOfch=NPH#[-LOfcHw$[#ax]cNMDFE/[3NML

LOI$bFLE#LOfuaZ#]ch=NPbcbFLOKPHW-fj
[-LOHwv$2NML^]XNM]cbwcL^[-G$DFErH-NMDFEb[-LOf¬
aKPKqv$nSV-V-NPKM[3Z-H-Y`Ł3v ;kLONPY;be[3NML2QSGAfcfFLOKabcNMGAHRk^WNM]FDFE#LOH?CbcNPhZ-KabcNMGAH#]cT
aj
fuaA[3NPY;h/aSZ-H#[7[-LOf

LOWXLOY;Z-H-Y#vA^+2NMLX[#afcYL^]cbFLOKPKPbFL

LOWXLOY;Z-H-YtWZ-fF[-LXh=NPb)[-LOHNPH[-LOHUGAKPYLOH#[-LOH=QxaT-NPbFLOKPH
VL^]FDFE-fcNMLOVLOH#LOH

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fcmLOfUqaE-fFLOH?LOfch=NPbcbFLOKPbv `X2NML^]FLSQSGAfcfFLOKabcNMGAHoNM]cbXH-NMDFEbNPHxcL^[-LOh¯¬
aKPK
]FG=[-LOZ-bcKPNMDFE?YLOYLOVLOHw
aVLOfNPH#]cVL^]FGAH#[-LOfFLﬃVLON5h`GAbFGAfcNM]FDFE#LOH?Z-H#[oYLONM]cbcNPYaH#]cT-fcZ#DFE#]cmGAKPKMLOH

«3TLOfcNPh`LOH3j
bFLOH/E
dZ3y#Yk^Z/VL^GAV
aADFEbFLOHwv

LON_)abcNMLOHbFLOHobcfcNPbcbe[3NML^]FLSQSGAfcfFLOKabcNMGAHomLOfF]cbudfcI$baZ3Uc[#a[3NML^]FLS[3Z-fFDFErNPE-fFL

fcI$fuaH-I$Z-H-Y`jk^Z-h

LONM]cT-NMLOKwVLON[-LOf2nSZ#]U+-E-fcZ-H-Y`h`GAbFGAfcNM]FDFE#LOftnSZ3U+YaVLOHojVL^LONPHbcfudADFEbcNPY;bx]cNPH#[5v#2NML
-0,15
-0,1
-0,05
0
0,05
0,1
0,15
0 10 20 30 40 50 60
Bildnummer
Ve
rs
ch
ie
bu
n
g
[V
o
x
el
]
In
ak
tiv

























A
kt
iv
nSV-V-NPKM[3Z-H-YŁ3v ; QSGAfcfFLOKabcNMGAHk^WNM]FDFE#LOHRCbcNPhZ-KabcNMGAH#]cT
afuaA[3NPY;h/a7Z-H#[

LOWXLOY;Z-H-Y ^,NPH=«$j!NMDFEbcZ-H-Y1`pv$2NML
2aZ-bFLOHﬂkLONPYLOHaHwwGAV|[-LOf_)abcNMLOHb7NPH|[-LOHRcLOWXLONPKPNPYLOH_¦E
aA]FLOH[-L^]x[3fFLONPh=NPH-bcNPYLOH

«3TLOfcNPh`LOHbF]7[3NML
¬NPH-YLOfoVLOWXLOY;bRE
ab^,fFL^DFEbFLj!nDFE#]FL(`pv2NML-N5NPH-NMLiY;NPV-bR[3NMLQSGAT3U+TG;]cNPbcNMGAH ^,KPNPH-ILj!nDFE#]FL(`raHw[3NML
LOfcILOH-HV
afSh=NPbS[-LOf2CbcNPhZ-KabcNMGAHi]FDFEWeaH-I$bv
<LONPbcfFLONPE#LﬃkLONPY;b]FGNPh

H#[-L

LOI$b[3NMLE
afuaI$bFLOfcNM]cbcNPIoLONPH#L^]eU+Z-H-I$bcNMGAH#LOKPKaI$bcNPmLOH?nSfFLaKM]v-2NML^]eI;aH-Hok^Z
LONPH#LOfH-NMDFEbSbuabF]udADFE-KPNMDFE?mGAfcE
aH#[-LOH#LOHinSH-kLONPYLtmGAH?nSI$bcNPm$NPbudbeU+-E-fFLOH]^+¬#LOE-KMLOf2LOfF]cbFLOfnSfcb;`pv
2NML^]FLeQSGAfcfFLOKabcNMGAH#]cT-fFGAV-KMLOh/abcNPI=I;aH-H=[3Z-fFDFE`[3NMLnSHWXLOH#[3Z-H-YLONPH#LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fWXLONPbcYLOE#LOH#[
LOHbULOfcHbXWXLOfF[-LOHwvtLOfk^Z-mGAfeaKM]]FDFE-KPNPh=h`]cbFLOfX¬
aKPKaH-YLOH#GAh=h`LOH#Lt[3NPfFLOI$bFLSQSGAHbcfuaA]cbF]cT-fcZ-H-Y[-LOfs2fuaZ3j
WXLOfcbFLﬃmGAHXB
@C@
aZ3U 9 B
@
NM]cbNPh 2GAfch/aKzUqaKPKwH-NMDFEb2]FG=[3fuaA]cbcNM]FDFE?YLOYLOVLOHwv#nSZ-LOfF[-LOh¢VLOWNPfcI$b[3NMLx]cNPH#Dpj
UlAfch=NPYLx_¦Z-H-I$bcV-NPKM[$U+Z-H-I$bcNMGAHw
[#a/[-LOf{G^«-LOK]cNPY;H-Nzy#I;aHbFL!H3UGAfch/abcNMGAH#]uaHbFLONPKML7aZ#]S]FLONPH#LOf
U
h=YLOV-Z-H-Y
bcfudY;bv
U
h [3NML

NPH3##]F]FLﬃ[-LOf

LOWXLOY;Z-H-YaZ3U¦[3NMLY<LONPbcfFLONPE#LOH?k^Z-h=NPH#[-L^]cbZ-HbFLOfS[3NMLﬃnSZ#]cWNPfcI$Z-H-YLOHR[-L^]

WFNwSj

LOI$bF])k^Z7fFL^[3Z-k^NMLOfFLOHwANM]cb¦LONPH#LXSL^[3Z-I$bcNMGAH=[-LOf

LOWXLOY;Z-H-YaZ3U
Z-H-YLpUqdE-f+ A;2£5 H#GAb!WXLOH#[3NPY#v
ﬁ 
"%7'(!7HE 7'-9$'$'-
=
*)$'7':%;
0
-97
2
-97'(-."

-.5 -9*) (*)8
0)/
"4"%-
032
 #"8
/
5ﬃ7'-

7

>@7
2
&
2
7
/
(-9(
ﬃa7[3NMLtnSZ#]cWNPfcI$Z-H-YLOHR[-LOf

NPKM[3VLOWXLOY;Z-H-YLOH?[3NML <LONPbcfFLONPE#LOH?[-LOfe{G^«-LOKwLOfcE#LOV-KPNMDFERmLOfudH#[-LOfcHRIlAH-H#LOHw
NM]cbL^][#aA]F<
NMLOKq-[3NML

LOWXLOY;Z-H-Y`h`lAY;KPNMDFE#]cbY;Z-bk^ZoIGAh=TLOH#]cNMLOfFLOHwv#ﬃak^ZoY;NPV-bL^]ek^WXLONwZ-HbFLOfF]FDFE-NML^[3KPNMDFE#L
 >  	
   ﬀﬁ

ﬀ
  % %
  
' !d$
 
nSH#]udbckL 

]¦NM]cb)h`lAY;KPNMDFEw[3NML[3NMLe¥ﬂLOfcbFL[-LOf

LOWXLOY;Z-H-Y]cT
afuah`LObFLOf

	
A[5v Ewv;fc#DFI$V-KPNMDFILOH#[
H
aADFE#[-LOh [-LOfg(LO;T-fFGAkLO`aV-YL^]FDFE-KMG;]F]FLOHrNM]cbk^ZrVL^]cbcNPh=h`LOHZ-H#[r[#aH-Hrh=NPb ESNPKzUL2LONPH#LOf!HbFLOfcTGAKabcNMGAH
aZ3Ue[3NML7ﬃabFLOH#]udbckLYL^LONPY;H#LObtk^Z[3fFLOE#LOHiZ-H#[(k^Z(mLOfF]FDFE-NMLOVLOHwv5nSKPbFLOfcH
abcNPm(]FGAKPKMLOH(NPh2aE-h`LOH[3NML^]FLOf
nSfcVLONPb{LOfUqaE-fFLOHLOHb!WNMDFILOKPbWXLOfF[-LOHw$[3NMLSL^]LOfcKaZ-VLOHw[#aA]g(LO;IG$GAfF[3NPH
abFLOH#]c3]cbFLOh mGAfuaZ#]F]FDFE
aZ#LOH#[
h=NPb=[-LOHQSGAT3U+VLOWXLOY;Z-H-YLOH h=NPbck^Z3U+-E-fFLOHwv)!h 9[-LaKzUqaKPKXWedfFLOH [3NML

LOWXLOY;Z-H-YLOH NPH[-LOH

NPKM[-LOfcHVLON
LONPH#LOh ]FGAKMDFE#LOH

	$
{LOfUqaE-fFLOH?H-NMDFEbSh`LOE-fmGAfcE
aH#[-LOHwv
nSKPKMLOHfFLObcfFG;]cTLOI$bcNPmLOH

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fFLOH NM]cbYLOh`LONPH#]uahR[#a(LONPH{GAKPZ-h`LOH#[#abFLOH#]uabckRaZ#]7[-LOf
<LONPbcfFLONPE#LemGAH=ﬃabFLOH#]udbckLOH=LONPH#LOfUg(Sqj!g(L^]F]cZ-H-YtaZ#]cYLOWedE-KPb¦WNPfF[5vA2NML^]FLOf¦ﬃabFLOH#]uabck[3NMLOHbaKM])SLpULpj
fFLOH-k 
-aKPKMLtaH#[-LOfFLOH{GAKPZ-h`LOH#[#abFLOH#]udbckLﬃ]FGAKPKMLOHh=NPb ESNPKzULS[-LOfeQSGAfcfFLOI$bcZ-fcmLOfUqaE-fFLOHoh`lAY;KPNMDFE#]cbaI$I$Z-fuab
aH?[3NML^]FLxSLpULOfFLOH-k7aH-YLOT
a;bSWXLOfF[-LOHwv1<
Z-fSQSGAfcfFLOI$bcZ-fSWNPfF[R[#a^mGAHiaZ#]cYLOYaH-YLOHw[#a/[3NMLxQSGAT3U+VLOWXLpj
Y;Z-H-YLOH?WedE-fFLOH#[([-L^]g(LO;mGAfcYaH-Y]SNPH?[-LOHR{GAKPZ-h`LOH#[#abFLOH(HZ-f2SGAbuabcNMGAH#]jZ-H#[ LwfuaH#]cKabcNMGAH#]FL

LOI$bFL
VLOWNPfcILOHwv¥ﬂLONPbFLOfFL

NPH3##]F]FL/[-LOf7_)abcNMLOHbFLOHVLOWXLOY;Z-H-YaZ3U[#aA]V-NPKM[3YLOVLOH#[-L/{LOfUqaE-fFLOH|WXLOfF[-LOHVLON
[-LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fNPY;H#GAfcNMLOfcbv32NMLtdE#LOfcZ-H-Y#3[#a]cNMDFEr[3NML
U
HbFLOfF]FDFE-NML^[-L2NPHr[-LOHrLONPH-kLOKPH#LOHr{Gj
KPZ-h`LOH#[#abFLOH#]udbckLﬃ[3Z-fFDFER[3NML

LOWXLOY;Z-H-Y=LONPH#L^]e]cbuafcfFLOHoQSlAfcTLOfF]XVL^]FDFE-fFLONPVLOHrKaA]F]FLOHw$LOfcKaZ-V-bL^]LONPH#LOH
LOfcE#LOV-KPNMDFE#LOH LLONPK[-LOfVLOWXLOY;Z-H-Y]cNPH#[3Z-k^NMLOfcbFLOHinSfcbFLpUqaI$bFLﬃk^ZRLOHbULOfcH#LOHwv
tLOfXLOfF]cbFLtC$DFE-fcNPbcbe[-LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-feNM]cbX[3NML

L^]cbcNPh=hZ-H-Y[-LOfX_G;]cNPbcNMGAH#LOHr[-LOfXLONPH-kLOKPH#LOH{GAKPZ3j
h=NPH
axk^Z#LONPH
aH#[-LOfv32NML^]YL^]FDFE-NMLOEbeVLONLONPH#LOfXfFLObcfFG;]cTLOI$bcNPmLOHrQSGAfcfFLOI$bcZ-faH-E
aH#[[-LOf

NPKM[-[#abFLOHr]FLOKPV#]cbv
2NML^]h/aY/k^Z-H
dADFE#]cb2LOfF]cbuaZ-H-KPNMDFEiLOfF]FDFE#LONPH#LOHw
[#a=[3NML

_eﬃabFLOH#]udbckL7aZ#]{G^«-LOKPH?h=NPbSLONPH#LOfSQxaHbFLOH3j
KdH-YLZ-h o¯VL^]cbFLOE#LOHwv <
Z-mGAfWZ-fF[-LS[#afcYLOKMLOY;b[#a

LOWXLOY;Z-H-YLOHZ-H-YLpUqdE-fXaZ3Uw[-LOH`kLOE-HbFLOH LLONPK
[-LOf{G^«-LOKPY;fFlALxYLOH
aZRIGAfcfcNPY;NMLOfcbSWXLOfF[-LOH(]FGAKPKMLOHwv
¥}dE-fFLOH#[\[#aA]rC3ah=T-KPNPH-Y;bcE#L^GAfFLOh aZ#]F]uaY;b[#aﬂNPH\[-LOH\LONPH-kLOKPH#LOH¨[3NPY;NPbuaKPNM]cNMLOfcbFLOH

NPKM[-LOfcHILONPH#LOfcKMLON
WSfcbF]cNPH3UGAfch/abcNMGAH|Z-HbFLOfcE
aKPV|[-L^]ﬃ2NM]cI$fFLObcNM]cNMLOfcZ-H-Y]uaV#]cbuaH#[-L^]xh`LOE-fﬃmGAfcKPNMLOY;bw]cNPH#[(bcfFGAbck[-LOhª]FLOE-fﬃYLpj
H
aZ#Lx!H3UGAfch/abcNMGAH#LOH?-VLOf[3NMLﬃfFLOKabcNPmLx_G;]cNPbcNMGAH([-LOf

NPKM[-LOfSLOHbcE
aKPbFLOHwv
!H(nSV#]FDFE-H-NPbcbF?#v ;3v ;`WNPfF[([3NML]FGAYLOH
aH-HbFL]cNPH#Dpj!!HbFLOfcTGAKabcNMGAHiVL^]FDFE-fcNMLOVLOHwv2NML^]FLLOfcKaZ-V-btL^]taZ#]2[-LOH
[3NM]cI$fFLObFLOH¥ﬂLOfcbFLOHw;[3NMLIGAh=T-KMLObcbFLaH
aKMGAYL!H3UGAfch/abcNMGAHwA[3NMLXNPH[-LOHZ-fF]cT-fc-H-Y;KPNMDFE#LOH/ﬃabFLOH7mGAfcE
aH#[-LOH
Weaf;k^ZfFLOIGAH#]cbcfcZ-NMLOfFLOH ^+]FGAY#v¥\E-NPbuaI$ILOf ]FDFE#LSLOIGAH#]cbcfcZ-I$bcNMGAH?`pv;2NML^]¦]FLObck^b)mGAfuaZ#];[#aﬃ[3NMLaH
aKMGAYLOH
ﬃabFLOHﬂLONPH#LOhNM[-LaKMLOHﬂnSV-buaA]cbcT-fFGAkLORZ-HbFLOfckGAYLOHﬂWZ-fF[-LOHwv 2LOVLOH2aZ#]FDFE3U+fFLONPE#LONPbxZ-H#[inSVWXL^]FLOH-E#LONPb
mGAHo]c3]cbFLOh/abcNM]FDFE#LOHrnSVWXLONMDFEZ-H-YLOH?WNPfF[/YLpUGAfF[-LOfcb3[#a=[3NML2ﬃabFLOHmGAfe[-LOfe2NPY;NPbuaKPNM]cNMLOfcZ-H-Y=T
aA]F]FLOH#[
NPHRNPE-fFLOHRh/a«3NPh/aKMLOH?¬-fFL^§Z#LOH-k^IGAh=TGAH#LOHbFLOHiVL^]FDFE-fudH-I$bWZ-fF[-LOHwv
2NMLeSLOIGAH#]cbcfcZ-I$bcNMGAH=[-LOfaH
aKMGAYLOH=!H3UGAfch/abcNMGAHNM]cb)NPH[-LOf¦_¦fua«3NM]k^Weaf¦H-NMDFEb¦TLOfULOI$bAaVLOfh=NPb)YLOWNM]j
]FLOHnSVWXLONMDFEZ-H-YLOH`h`lAY;KPNMDFEwv;2NMLeaH
aKMGAYLX!H3UGAfch/abcNMGAHmGAH7k^WXLON

NPKM[-LOfcHLOfch`lAY;KPNMDFEb[3NML

L^]cbcNPh=hZ-H-Y
LONPH#LOf{LOfF]FDFE-NMLOV-Z-H-Yr[-LOf

NPKM[-LOfYLOYLOH#LONPH
aH#[-LOf2h=NPbVLOKPNMLOV-NPYLOftstLOH
aZ-NPY;ILONPbv
2NMLWNMDFEbcNPYL

fcILOH-HbcH-NM]aZ#][-LOf¥\E-NPbuaI$ILOf ]FDFE#LOHSLOIGAH#]cbcfcZ-I$bcNMGAH7NM]cb[3NMLLabF]uaADFE#L;[#a2[3NMLestLOH
aZ3j
NPY;ILONPbLONPH#LOf

LOWXLOY;Z-H-Y]cVL^]cbcNPh=hZ-H-YﬃaZ#][-LOHxY;fFGAVaZ3U+YLOKMl;]cbFLOH

NPKM[-[#abFLOH7H-NMDFEb[3Z-fFDFE7[3NML¦{G^«-LOKPY;fFlAL
KPNPh=NPbcNMLOfcbSNM]cb-]FGAH#[-LOfcH(aKPKMLONPH#L[3Z-fFDFE?2aZ#]FDFE#LOHRZ-H#[

NPKM[#afcbFLpUqaI$bFLxLONPH-YL^]FDFE-fudH-I$bSWNPfF[5v

VLOH#]FGRNM]cbLONPH#L`fFLObcfFG;]cTLOI$bcNPmL/QSGAfcfFLOI$bcZ-f[-LOfﬃabFLOH|h`lAY;KPNMDFEwvQxaH-H[3NMLaH
aKMGAYL!H3UGAfch/abcNMGAH|k^Z3j
fc#DFI$YLOWXGAH-H#LOHrWXLOfF[-LOHw]FGﬃNM]cbL^]¦h`lAY;KPNMDFEw <
WNM]FDFE#LOH-Y;NPbcbFLOfcT-Z-H-I$bFLSNPh nSV-buaA]cbcY;NPbcbFLOfk^Z`VLOfFL^DFE-H#LOHw$[3NML
LONPH#LOh¢mLOfF]FDFE#GAVLOH#LOH(G$[-LOfYL^[3fFLOEbFLOH(ﬃabFLOH#]uabckLOHbF]cT-fFL^DFE#LOHwv
 7)( 
        <  
;C>
,  .7( 
  M  P       
      
   
2NML LL^DFE-H-NPIﬂ[-LOffFLObcfFG;]cTLOI$bcNPmLOHQSGAfcfFLOI$bcZ-fmGAHQSGAT3U+VLOWXLOY;Z-H-YLOHw)aKM]FGR[-LOf7QSGAfcfFLOI$bcZ-f7[-LOf7ﬃabFLOH
H
aADFER[-LOfﬃabFLOH
aI3§Z-NM]cNPbcNMGAHw3WZ-fF[-L2U+-f[3NMLSUg(S]FDFE#GAHoV
aKM[H
aADFER[-LOHRLOfF]cbFLOH

«3TLOfcNPh`LOHbFLOHRYLpUGAfj
[-LOfcb ^+]cNMLOE#L Q E2n O.>P?S9`Z-H#[oYLOE#lAfcbh=NPbcbcKMLOfcWXLONPKMLk^Z-h CbuaH#[#afF[3Z-hUqaH-YLONPH#LOfUg(Sqj!nSZ#]cWXLOfcbcZ-H-Y#v
¬
aA]cbaKPKMLeNPH`[-LOf(N5NPbFLOfuabcZ-fVL^]FDFE-fcNMLOVLOH#LOH`{LOfUqaE-fFLOH=VL^[3NMLOH#LOH/]cNMDFE`[-L^]g(G$[-LOKPKM]¦[-L^]¦]cbuafcfFLOH/QSlAfcTLOfF]v
2NMLxh`LONM]cbFLOH({LOfUqaE-fFLOH(KaA]F]FLOH(]cNMDFEaZ#DFE(T-fFGAV-KMLOh=KMG;]xaZ3UWXLONPbFLOfFL¬-fFLONPE#LONPbF]cY;fuaA[-L7WNMLVLONM]cT-NMLOKM]cWXLONM]FL
a±`H#L LwfuaH#]UGAfch/abcNMGAH#LOH(LOfcWXLONPbFLOfcHwv#nSKPKMLOfF[3NPH-Y]WNPfF[o[-LOf{GAfcbFLONPKw[3NML^]FLOfk^Z#]udbck^KPNMDFE#LOH?¬-fFLONPE#LONPbF]cY;fuaA[-L
YLOh`LONPH-E-NPHaKM]YLOfcNPH-YrLOfuaADFEbFLObv2NML^]2[-LOZ-bFLOb2[#afuaZ3UE-NPHw
[#a[3NMLxk^Z#]udbck^KPNMDFE(h`G$[-LOKPKPNMLOfcbFLOH LwfuaH#]UGAfj
h/abcNMGAH#LOHﬂWXLOH-NPYRYL^LONPY;H#LObxWeafFLOHw5Z-h [3NML

NPH3##]F]FLmGAH

LOWXLOY;Z-H-YLOH|k^ZﬂLOKPNPh=NPH-NMLOfFLOHwwWXLOKMDFE#L=-VLOf
[3NMLﬃ]cbuafcfFLxQSlAfcTLOf tdE#LOfcZ-H-Y/E-NPH
aZ#]cYLOE#LOH]^,kv

v-NPHQ g(s
@C@
S9`pv
U
h LONPH#LofFLObcfFG;]cTLOI$bcNPmL

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fr[3Z-fFDFE-k^Z3U+-E-fFLOHwh#]F]FLOHJk^WXLON_¦fFGAV-KMLOh`LRYLOKMl;]cb=WXLOfj
[-LOHwv <
Z-h¯LONPH#LOHhZ-7U+-fcL^[-LOH{GAKPZ-h`LOH#[#abFLOH#]uabckxLOfch=NPbcbFLOKPbWXLOfF[-LOHw$WXLOKMDFE#L

LOWXLOY;Z-H-Y]cT
afuah`LObFLOf
k^Z(LONPH#LOfSh`lAY;KPNMDFE#]cbtY;Z-bFLOH?fudZ-h=KPNMDFE#LOH
ﬂ
VLOfFLONPH#]cbcNPh=hZ-H-Yk^WNM]FDFE#LOHﬂaH-k^Z-T
aA]F]FLOH#[-LOHiﬃabFLOH?Z-H#[(SLpj
ULOfFLOH-k[#abFLOH}U+-E-fFLOH ^+nSV#]FDFE-H-NPbcb ?#v
8
`pvnSKM]ok^WXLONPbFLOfiC$DFE-fcNPbcbRNM]cbRLONPH#Lih`lAY;KPNMDFE#]cbRY;Z-bFLﬂ!HbFLOfcTGAKabcNMGAH
LOfUGAfF[-LOfcKPNMDFEwWXLOKMDFE#L(L^]/LOfcKaZ-V-bX[3NMLoYLOh`L^]F]FLOH#LOH¨[3NPY;NPbuaKMLOH\ﬃabFLOH\LOHbF]cT-fFL^DFE#LOH#[¨[-LOf[-LObFLOI$bcNMLOfcbFLOH
_)afuah`LObFLOfSk^Z?[3fFLOE#LOHRZ-H#[ok^ZomLOfF]FDFE-NMLOVLOHW^+nSV#]FDFE-H-NPbcbM?#v ;:`pv

fcE#LOV-KPNMDFE}LOKMLOYaHbFLOfRaKM]/LONPH#L(giaH-NPT-Z-KabcNMGAH\YLOh`L^]F]FLOH#LOfrﬃabFLOH\LOfF]FDFE#LONPHbo[-LOfnSH#]uabck[3NML(ﬃabFLOH
]FG`k^ZaI3§Z-NPfcNMLOfFLOHw[#ao[3NML

LOI$bFL7[-LOfﬃ_)abcNMLOHbFLOHVLOWXLOY;Z-H-Y?NPH[-LOHig(LO[#abFLOHiH-NMDFEbﬃ]cNMDFEbcV
afx]cNPH#[5v
2NMLtk^Zis2fcZ-H#[-LﬃKPNMLOYLOH#[-L9[-L^LxLONPH#LOfS]FGAKMDFE#LOH?T-fFG;]cTLOI$bcNPmLOH

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f ^+nSV#]FDFE-H-NPbcbM?#v Ł:`XNM]cb
[3NML taADFE3U+-E-fcZ-H-Y[-L^]/g(LO;IG$GAfF[3NPH
abFLOH#]c3]cbFLOh`]/h=NPb[-LOH\_)abcNMLOHbFLOHVLOWXLOY;Z-H-YLOHwvSﬃaA]`k^ZZ-HbFLOfF]cZ3j
DFE#LOH#[-Lr{GAKPZ-h`LOH I;aH-HVLON[-LOf=g( NPh WXL^]FLOHbcKPNMDFE#LOHh=NPb=LONPH#LOf7U+fFLONXWedE-KPV
afFLOH WSfcNMLOHbcNMLOfcZ-H-YﬂmGAH
C$DFE-NMDFEbF]FLOKMLOI$bcNMGAH#]ju_¦E
aA]FLOH-IG$[3NMLOfjXZ-H#[RnSZ#]cKML^]FLOfcNMDFEbcZ-H-YraV-YLObuaA]cbFLObSWXLOfF[-LOHwv

]NM]cb]FGAh=NPb[-LOH-I$V
af
[3NMLSNaYL[-LOf7k^Zh`L^]F]FLOH#[-LOHJC$DFE-NMDFEbFLOH WedE-fFLOH#[[-LOf7YL^]uahbFLOH|Ug(Sqj
U
HbFLOfF]cZ#DFEZ-H-YiNPh=h`LOf]FGRk^Z
Z#]cbcNMLOfFLOHw
[#a/ILONPH#LOfcKMLON)SLOKabcNPm$VLOWXLOY;Z-H-YLOHih`LOE-fSk^WNM]FDFE#LOH[-LOh QSG$GAfF[3NPH
abFLOH#]c3]cbFLOh [-L^]ﬃstLOE-NPfcH#]
Z-H#[o[-LOh¢[-LOfSg(L^]F]cZ-H-Y/aZ3U+bcfcNPbcbv

 
-.5 -9*) (*)8+-
2
-
032
7
/
(
<
NMLOKLONPH#LOf

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAHNM]cb[3NML

L^]cbcNPh=hZ-H-Y?mGAH

LOWXLOY;Z-H-Y]cT
afuah`LObFLOfcHw)[3NML/L^]LOfcKaZ-VLOH
[3NMLiYLOh`L^]F]FLOH#Li{GAKPZ-h`LOH#[#abFLOH1h`lAY;KPNMDFE#]cb?GAT-bcNPh/aKaH­LONPH#LOH­SLpULOfFLOH-k[#abFLOH#]uabckaH-k^Z-T
aA]F]FLOHwv

NPH
Y;fcZ-H#[3KMLOYLOH#[-L^]e_¦fFGAV-KMLOh NM]cb[#aVLON[3NMLLp«#aI$bFLStLpy#H-NPbcNMGAHr[-L^]

LOY;fcN

L^]  GAT-bcNPh/aK Pv

NPH#L2GAT-bcNPh/aKMLSnSH3j
T
aA]F]cZ-H-Y=VL^[-LOZ-bFLOb2]cNMDFE#LOfcKPNMDFE(LONPH#LxnSH-T
aA]F]cZ-H-Y##[3NMLxLONPH

fcYLOV-H-NM]KPNMLpULOfcb-WXLOKMDFE#L^]2[-LOH?SLpULOfFLOH-k[#abFLOH
h`lAY;KPNMDFE#]cb`H
aE#LoIGAh=hbvnSKPKMLOfF[3NPH-Y]`Z-HbFLOfF]FDFE#LONM[-LOH¨]cNMDFEJVLON[-LOf=Ug(Sx[3NMLoYLOh`L^]F]FLOH#LOHJ{GAKPZ-h=NPH
a
[3Z-fFDFER2aZ#]FDFE#LOHw3nSfcbFLpUqaI$bFL2Z-H#[oaZ#DFE?aZ3U+Y;fcZ-H#[r[-L^]ek^Zrh`L^]F]FLOH#[-LOH

WFNwSj

LOI$bF]eVL^[3NPH-Y;bFL;3KMGAI;aKML
Ł
8
   	
 ]


  ](
 % %
  
' !d$
  ﬀ
ﬃ

E2LOKPKPNPY;ILONPbF]F]FDFEWeaH-I$Z-H-YLOHimGAH#LONPH
aH#[-LOfv

NPHrWXL^]FLOHbcKPNMDFE#LOfﬃC$DFE-fcNPbcbk^Z-f

Hb!WNMDFI$KPZ-H-YLONPH#L^]

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]cmLOfUqaE-fFLOH#]NM]cbe[3NMLttLpy#H-NPbcNMGAH
LONPH#LOfnSV#]cbuaH#[-]U+Z-H-I$bcNMGAHwAWXLOKMDFE#LS[3NMLs2-bFL[-LOf¦fudZ-h=KPNMDFE#LOH/nSH-T
aA]F]cZ-H-Yx[-LOf¦ﬃabFLOH/aH#LONPH
aH#[-LOfWNM[-LOfj
]cT-NMLOYLOKPH]FGAKPKqv2NMLnSfcb[-LOfmLOfcWXLOH#[-LObFLOHrnSV#]cbuaH#[-]U+Z-H-I$bcNMGAH`NM]cb[#aVLON#mGAH/[-LOfnSHWXLOH#[3Z-H-Y=aV-E
dH-Y;NPY#
U+-f2[3NML7[3NML

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fﬃmLOfcWXLOH#[-LObtWXLOfF[-LOH]FGAKPKqv
g?NPbFESNPKzUL[-L^]

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]uaKPYGj
fcNPbcE-hZ#]WNPfF[7mLOfF]cZ#DFEb[3NML_)afuah`LObFLOfk^Z=LOfch=NPbcbFLOKPHw[3NMLU+-f¦[3NMLenSV#]cbuaH#[-]U+Z-H-I$bcNMGAH`LONPH#LOHh=NPH-NPh/aKMLOH
¥ﬂLOfcbSLOfcYLOVLOHwv
stLOH#LOfFLOKPK3KaA]F]FLOH]cNMDFE

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]cmLOfUqaE-fFLOH`NPH

NPKM[$j5Z-H#[Ij!2aZ-hjqV
aA]cNMLOfcbFLX{LOfUqaE-fFLOH]FGWNML
NPbFLOfuabcNPmLxZ-H#[oH-NMDFEbSNPbFLOfuabcNPmLﬃ{LOfUqaE-fFLOH(LONPHbFLONPKMLOHwv
ﬂPﬂ)Pﬂ)   _01,&0 #& 	ﬁ P0 ﬁ P0 # S $#    0 %*S  S ,/U 0 (,& "ﬁ

LON[3NML^]FLOf(s2fcZ-T-TLmGAH

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]cmLOfUqaE-fFLOH&WXLOfF[-LOH1[3NML

NPYLOH#]FDFE
aU+bFLOHﬀ[-LOf?¬#GAZ-fcNMLOfj
bcfuaH#]UGAfch/abcNMGAH aZ#]cYLOHZ-bck^b ^+]cNMLOE#LUQ  E

>P?S!LQ QﬃnﬃC >CDVS!LQ g(n2n >&9S!LQ L E

>C:VS! Q QﬃSn >C>(S9`pv5¥\NPfF[|LONPH#L
¬-Z-H-I$bcNMGAHoU^


`Z-h LONPH#LOHoVLOKPNMLOV-NPYLOHo{LOI$bFGAf


mLOfF]FDFE#GAVLOHw#]FGLOfcY;NPV-b]cNMDFEUGAKPYLOH#[-LOfF<
Z#]uah=h`LOH-E
aH-Y
k^WNM]FDFE#LOH4


@


	Z-H#[R[-LOfS¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLOH 

P	 
4


@


	E 

M
	
I
 

P	 #KF
B
#:9
`

M



E




V





M
	
I
 

P	 #KF
B
#:9
`

M


  



M


# F
B
#:9
`

M


V


ﬂ

NPH#Lﬃ{LOfF]FDFE-NMLOV-Z-H-Y/[-L^]

NPKM[-L^]NPh WSfcbF]cfuaZ-h¢dZ-LOfcbS]cNMDFERaKM]FGNPHoLONPH#LOfk^Z#]udbck^KPNMDFE#LOH?_¦E
aA]FL 

P	X[-LOf
¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLOHwv

NPH#LﬃSGAbuabcNMGAHoNPhWSfcbF]cfuaZ-h¯Z-h [-LOHr¥\NPH-ILOKVLOWNPfcI$b[3NML^]FLOKPVLﬃ2fFLOEZ-H-Y
[-LOf`¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLOHwv¥}dE-fFLOH#[JaKM]FGiLONPH#LLwfuaH#]cKabcNMGAHJHZ-f`[3NMLo_¦E
aA]FLo[-LOf=¬#GAZ-fcNMLOfcbcfuaH#]UGAfj
h=NMLOfcbFLOHdH#[-LOfcbwWNPfcI$bx]cNMDFE|LONPH#L`SGAbuabcNMGAHaZ3U

LObcfuaYAj2Z-H#[ﬂ_¦E
aA]FLOH-NPH3UGAfch/abcNMGAHaZ#]vw2NML^]xLOfcKaZ-V-b
L^]3[#aA]e_¦fFGAV-KMLOh [-LOf

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAHRNPHoSGAbuabcNMGAHrZ-H#[ LwfuaH#]cKabcNMGAHoNPh Ij!2aZ-h k^Zo]FLOT
afcNMLOfFLOHwv
nSKPKMLnSKPYGAfcNPbcE-h`LOH[3NML^]FLOf2nSfcbVL^]cbcNPh=h`LOHi[-L^]cE
aKPV?k^Z-H
dADFE#]cbﬃ[3NMLSGAbuabcNMGAH#]cT
afuah`LObFLOfth=NPbFESNPKzULx[-L^]
CTLOI$bcfcZ-h`]_^+[5v Ewv[-LOh

LObcfuaY([-LOf7¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLOH?`7[-LOf{GAKPZ-h`LOH#[#abFLOH#]udbckL;Z-h LwfuaH#]cKaj
bcNMGAH#]FL

LOI$bFLk^Z-H
dADFE#]cbaZ#]ck^Z-I$Kah=h`LOfcHwvwCZ-h=h=NMLOfcbth/aHiLONPH#LOHQtfFLONM]cfcNPH-YNPh CTLOI$bcfcZ-h LOHbcKaH-YR[-LOf
2aA[3NMLOHaZ3UL^+]cNMLOE#LnSV-VwvC?#v
8
`p;]FGﬃLOfcE
dKPbh/aH/LONPH#LLONPH#[3NPh`LOH#]cNMGAH
aKMLS¬-Z-H-I$bcNMGAH ﬀ4	pv <
WXLON#YLOYLOH#LONPH
aH3j
[-LOfmLOfF[3fFLOEbFL

NPKM[-LOfKPNMLpULOfcH(]FGk^WXLONYLOYLOH#LONPH
aH#[-LOf2mLOfF]FDFE#GAVLOH#L¬-Z-H-I$bcNMGAH#LOH 
1
4	XZ-H#[ 
#
4	pv
ﬃa
[3NML

NPKM[-[#abFLOHNPh WSfcbF]cfuaZ-h&fFL^LOKPK-]cNPH#[5NM]cb)[-LOfIj!2aZ-h&]c$h=h`LObcfcNM]FDFEwvA2NML [OZ-HbFLOfFL.\ EtdKzU+bFLNM]cb¦aZ#])[-LOf
[^GAVLOfFLOH1\2fFLOIGAH#]cbcfcZ-NMLOfcV
afZ-H#[/I;aH-H/U+-fe[3NMLSH
aADFE3UGAKPYLOH#[-LOH

LObcfuaADFEbcZ-H-YLOHRWXLOY;YLOKaA]F]FLOHrWXLOfF[-LOHw-[#a
]cNML2ILONPH#LOfcKMLON5k^Z#]udbck^KPNMDFE#Lﬃ!H3UGAfch/abcNMGAHRLOHbcE
dKPbv-2NML2{LOfF]FDFE-NMLOV-Z-H-Y/[-LOfeVLONM[-LOHo¬-Z-H-I$bcNMGAH#LOH 
1
4	Z-H#[

#
4	)I;aH-H`VLONM]cT-NMLOKM]cWXLONM]FLh=NPbESNPKzULemGAHQtfFLOZ-k^IGAfcfFLOKabcNMGAH#]ch`LObcE#G$[-LOHo]FLOE-fYLOH
aZ/VL^]cbcNPh=hbWXLOfF[-LOH
^+]cNMLOE#L Q g(n2n >&9S!+Q L E

>C:VS9`Z-H#[rNM]cb[3NPfFLOI$bT-fFGATGAfcbcNMGAH
aKwk^Z-h¢SGAbuabcNMGAH#]cWNPH-ILOKqv#2NMLﬃnSV#]cbuaH#[-]U+Z-H-Ij
bcNMGAH`VLON#[3NML^]FLOfLL^DFE-H-NPI`LOfcfFLONMDFEbaKM]FG2U+-fLONPH#Lh=NPH-NPh/aKMLS2N

LOfFLOH-kS[-LOfXCTLOI$bcfFLOHaZ3U5[-LOH/QtfFLONM]cfcNPH-YLOH
NPE-fFLOH?GAT-bcNPh/aKMLOH?¥ﬂLOfcbv
!h[3fFLONM[3NPh`LOH#]cNMGAH
aKMLOH|¬
aKPKU+-E-fcbtLONPH#L=dA§Z-NPm;aKMLOHbFL/CZ-h=h/abcNMGAHﬂLOHbcKaH-YR[-LOfﬃ2aA[3NMLOHik^ZLONPH#LOftk^WXLONzj
[3NPh`LOH#]cNMGAH
aKMLOH !H3UGAfch/abcNMGAH aZ3USLONPH#LOf7QtZ-YLOKMGAVLOfdADFE#L;v¦ﬃaR[3NML^]FL/!H3UGAfch/abcNMGAHHZ-H|h=NPb[3fFLONX¬-fFLONzj
E#LONPbF]cY;fuaA[-LOH]^,kv

v3[-LOH

Z-KMLOfcWNPH-ILOKE`Xk^WNM]FDFE#LOHRSLpULOfFLOH-k[#abFLOHoZ-H#[oaH-k^Z-T
aA]F]FLOH#[-LOHRﬃabFLOHRGAT-bcNPh=NMLOfcb
WXLOfF[-LOHrhZ-#NM]cbILONPH#LSLONPH3UqaADFE#L

L^]cbcNPh=hZ-H-Y=[-LOfXSGAbuabcNMGAH#]cWNPH-ILOKh`LOE-fh`lAY;KPNMDFEwv3¬-fI$KMLONPH#LS2fFLOE3j
WNPH-ILOKqWNML7]cNMLVLON)[-LOfSUg(SaZ3U+bcfFLObFLOHwIlAH-H#LOH[3NML¬-fFLONPE#LONPbF]cY;fuaA[-L=[3Z-fFDFEiYL^LONPY;H#LObFL=_¦fFGcLOI$bcNMGAH#LOH
E-NPH-fFLONMDFE#LOH#[¨LOHbcIGAT-TLOKPbrZ-H#[\aZ3Ux[#aA] ;A _¦fFGAV-KMLOh©k^Z-fc#DFI$YLpU+-E-fcbWXLOfF[-LOH ^Q L E

>C:VS9`pv <
Z-fraKPKPYLpj
h`LONPH#LOfFLOH Nwl;]cZ-H-Y?[-L^]_¦fFGAV-KMLOh`]xhZ-iaZ3ULONPH#L=h`LOE-fF[3NPh`LOH#]cNMGAH
aKML;NPbFLOfuabcNPmL WST-bcNPh=NMLOfcZ-H-Y]cbFL^DFE-H-NPI
k^Z-fc#DFI$YLOY;fcN

LOHrWXLOfF[-LOH ^Q QﬃSn >C>(S9`pv.ESNMLOfck^Z/NM]cbXL^]LOfUGAfF[-LOfcKPNMDFEw3[3NMLS]cTLOI$bcfuaKMLS!H3UGAfch/abcNMGAHh`LOE-fUqaADFE
k^Z?fFGAbcNMLOfFLOHwaKM]FG=k^Z?NPHbFLOfcTGAKPNMLOfFLOHwvﬃa=[3NMLxIj!2aZ-hj!!H3UGAfch/abcNMGAH?jNPhstLOYLOH#]uabckk^Z([-LOH

NPKM[-[#abFLOH
 ] %
  
' !ﬀ

 ﬁ:$    
kx
Rekonstruierbar
wegen Symmetrie
ky
g(ϕ)
nSV-V-NPKM[3Z-H-YS?#v
8
CZ-h=h/abcNMGAH(LOHbcKaH-Y[-LOf2aA[3NMLOH
]FLOKPV#]cbjﬃ]FLOE-fm$NMLOKMLoCT-fc-H-YLRaZ3U+WXLONM]cbKPNMLpULOfcH LONPH3UqaADFE#Lr!HbFLOfcTGAKabcNMGAH#]cfFGAZ-bcNPH#LOHJILONPH#LoaZ#]cfFLONMDFE#LOH#[-L
SZ
aKPNPbudbv#2NMLxSL^DFE-HZ-H-Y/WNPfF[R]FGAh=NPbfFLOKabcNPmrkLONPbuaZ3U+WXLOH#[3NPY#v
taADFE#[-LOh [3NMLtSGAbuabcNMGAH#]cT
afuah`LObFLOfVL^]cbcNPh=hbWZ-fF[-LOHw3NM]cbeL^]Xh`lAY;KPNMDFEw#[3NMLtﬃabFLOHo]FGk^Zo[3fFLOE#LOHw-[#a
]cNMDFERSLpULOfFLOH-kxZ-H#[?aH-k^Z-T
aA]F]FLOH#[-LxﬃabFLOHRHZ-fZ-h¢LONPH#LYLwfuaH#]cKabcNMGAH?Z-HbFLOfF]FDFE#LONM[-LOHwv5C$GWXGAE-KNPhWSfcbF]j
WNMLeaZ#DFE7NPhﬀIj!2aZ-h&]FLOT
afcNMLOfcb)[3NML^]FL^]_¦fFGAV-KMLOh~[3Z-fFDFE=_¦fFGcLOI$bcNMGAH`aZ3U
[3NMLXnDFE#]FLOH=LONPH#L^]GAfcbcE#GAYGAH
aKMLOH
QSG$GAfF[3NPH
abFLOH#]c3]cbFLOh`]]FGR[#a([3NML LwfuaH#]cKabcNMGAH#]cT
afuah`LObFLOfVLONM]cT-NMLOKM]cWXLONM]FL/[3Z-fFDFEQtfFLOZ-k^IGAfcfFLOKabcNMGAH#]j
h`LObcE#G$[-LOHRVL^]cbcNPh=hbWXLOfF[-LOH?IlAH-H#LOHwv
2NML?Ij!2aZ-hjqV
aA]cNMLOfcbFLOH¨tLObFLOI$bcNMGAH#]ch`LObcE#G$[-LOH­LOfF]FDFE#LONPH#LOH­aZ3U+Y;fcZ-H#[¨[-LOfRC$LOT
afuabcNMGAH}mGAH¨SGAbuabcNMGAH
Z-H#[SLwfuaH#]cKabcNMGAHRabcbcfuaI$bcNPmv¥ﬂLONPbFLOfcE-NPHo]cNPH#[/[3NML2nSKPYGAfcNPbcE-h`LOHNPh ;ASj!¬
aKPK]FGWNMLSVLON
I$KMLONPH#LOHrSGAbuabcNMGj
H#LOH`aZ#DFE`NPh°ŁASj!¬
aKPK-H-NMDFEbNPbFLOfuabcNPm;]FGt[#axLONPH#LeE#GAE#LSL^DFE#LOH-YL^]FDFEWNPH#[3NPY;ILONPbXfFLaKPNM]cNMLOfcV
afLOfF]FDFE#LONPHbv
nSKPKMLOfF[3NPH-Y]¦NM]cb)VLON-[-LOf¦fFLObcfFG;]cTLOI$bcNPmLOH`nSHWXLOH#[3Z-H-YaZ3U

LObcfuaY]cV-NPKM[-LOfNPh stLOYLOH#]uabckk^Z=V-NPKM[3V
aA]cNMLOfcbFLOH
{LOfUqaE-fFLOH|NPh=h`LOf[-LOf7nSZ3U+WeaH#[ﬂU+-f[3NML/¬#GAZ-fcNMLOfcbcfuaH#]UGAfch/abcNMGAHicL^[-L^]xYLOh`L^]F]FLOH#LOH{GAKPZ-h`LOH#[#abFLOH3j
]uabckL^]LOfUGAfF[-LOfcKPNMDFEwv
2NMLostLOH
aZ-NPY;ILONPb`[-LOfIj!2aZ-hj

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]ch`LObcE#G$[-LOHJU+-f[3NML <
WXL^DFILo[-LOf7Ug(StNM]cb7WNM]j
]FLOH#]FDFE
aU+bcKPNMDFErI;aZ-h Z-HbFLOfF]cZ#DFEbWXGAfF[-LOH
-LONPH#LY;fFGAVLﬃC$DFE
dbck^Z-H-Y=mGAHi^;A£5aH-E
aH#[/mGAHrg(L^]F]cZ-H-YLOH
Z-H#[?CNPhZ-KabcNMGAH#LOH(I;aH-HRNPH Q L E

>C:VSYLpU+Z-H#[-LOHRWXLOfF[-LOHwv

VLOH#]FG/WNML7[3NML7{GAfcbFLONPKML[-LOf2Ij!2aZ-hjﬂLL^DFE-H-NPILOH|[3Z-fFDFE[3NML

NPYLOH#]FDFE
aU+bFLOHﬂ[-LOft¬#GAZ-fcNMLOfcbcfuaH#]UGAfch/aj
bcNMGAHYLOYLOVLOHJ]cNPH#[5VLOfcZ-Eb=E-NMLOfuaZ3UﬃaZ#DFE[-LOfFLOH ]cbudfcI3]cbFL

NPH#]FDFE-fudH-I$Z-H-Y#vnSKPKMLIj!2aZ-hjq{LOfUqaE-fFLOH
VLObcfuaADFEbFLOHrk^Z-h=NPH#[-L^]cbXU+-fX[3NML

L^]cbcNPh=hZ-H-Y=[-LOfeSGAbuabcNMGAH#]cT
afuah`LObFLOf[3NML2¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLﬃ[-LOf

NPKM[3NPH3UGAfch/abcNMGAHwv5{LOfcKaA]F]FLOHﬂHZ-HLLONPKML`[-L^]xg(LOGAV3cLOI$bF]ﬃ[#aA]xg(LO;mGAKPZ-h`LOHww]FGRdH#[-LOfcb]cNMDFEﬂ[3NML=¬#GAZ3j
fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLSIGAh=T-KMLObcb[#a

LObcfuaYZ-H#[`_¦E
aA]FL¦cL^[-L^]¦Ij!2aZ-hj!_¦Z-H-I$bFL^]mGAH/[-LOfYL^]uahbFLOH

NPKM[$j
NPH3UGAfch/abcNMGAH\aV-E
dH-Y;NPY]cNPH#[ ^ SNMDFEbjﬂNwGAI;aKPNPbudb;`pvC$GAh=NPb`IlAH-H#LOH\[3NMLrmGAfcYL^]cbFLOKPKPbFLOH\nSKPYGAfcNPbcE-h`LOHJHZ-f
U+Z-H-I$bcNMGAH-NMLOfFLOHwWXLOH-H[#aA]Xg(LOGAV3cLOI$bIGAh=T-KMLObcbXNPh g(LO;mGAKPZ-h`LOHKPNMLOY;bZ-H#[aZ#DFE/jbcfFGAbck

LOWXLOY;Z-H-YLOH
j¦[#afcNPHrmLOfcV-KMLONPV-bv-2NML^]FL2{GAfuaZ#]F]FLObck^Z-H-YNM]cbeVLONLONPH#LOf[3fFLONM[3NPh`LOH#]cNMGAH
aKMLOH?QSGAfcfFLOI$bcZ-fNPHr[-LOfXUg(S)H-NML
Lp«#aI$bwk^ZLOfU+-KPKMLOHw[#a[-LOf_)abcNMLOHbk^Z-h=NPH#[-L^]cbh=NPb[-LOhEtaKM]wNPh=h`LOf)aZ#][-LOfg(LO;mGAKPZ-h`LOH7E#LOfuaZ#]cfuaYLOH
WNPfF[5v3¥ﬂLONPbFLOfcE-NPH?bcfFLObFLOHRVLONwQSGAT3U+VLOWXLOY;Z-H-YLOH(NPh EtaKM]cVLOfFLONMDFERKMGAI;aKMLt{LOfUGAfchZ-H-YLOHaZ3Uc-]FG[#a/[3NML
tdE#LOfcZ-H-Yﬃ[-L^])]cbuafcfFLOH=QSlAfcTLOfF])mLOfcKMLObck^b¦WNPfF[5vAg?NPb

NPH#]FDFE-fudH-I$Z-H-YLOH`IlAH-H#LOH`[3NMLXIj!2aZ-hjﬂLL^DFE-H-NPILOH
U+-f[3NML

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH(VLON[-LOfeUg(SmLOfcWXLOH#[-LObSWXLOfF[-LOHwv
ﬂPﬂ)P  +-0 %   R # 	ﬁ S ,/U 0 (,& "ﬁ
2NMLYLOH
aH-HbFLOH N5NPh=NPbuabcNMGAH#LOHr[-LOfIj!2aZ-hjﬂLL^DFE-H-NPILOHrKaA]F]FLOH/]cNMDFE`h=NPbV-NPKM[3V
aA]cNMLOfcbFLOHtLObFLOI$bcNMGAH#]uaKPYGj
fcNPbcE-h`LOH/mLOfch`LONM[-LOHwWNMLS]cNMLNPH/[3NML^]FLOh Z-H#[=NPh H
dADFE#]cbFLOHnSV#]FDFE-H-NPbcbXmGAfcYL^]cbFLOKPKPbWXLOfF[-LOHwv$2NML{GAfcbFLONPKML
[-LOf2C$LOT
afuaV-NPKPNPbudb2[-LOfStLObFLOI$bcNMGAHRNPH LwfuaH#]cKabcNMGAH?Z-H#[oSGAbuabcNMGAH?]FGWNMLx[-LOfH-NMDFEbjqNPbFLOfuabcNPmLOH-Nwl;]cZ-H-Y]j
VL^]cbcNPh=hZ-H-Y`WXLOfF[-LOH([#aVLONaZ3U+YLOYLOVLOHwv
  
	
 ]


  ](
 % %
  
' !d$
  ﬀ
ﬃ


LONﬃ[-LOfrH#LOZ-fFGU+Z-H-I$bcNMGAH#LOKPKMLOH

NPKM[3YLOV-Z-H-Y WXLOfF[-LOH}h=NPbESNPKzUL([-LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fRm$NMLOKML?{GAKPZ3j
h`LOH#[#abFLOH#]udbckL=IGAfcfcNPY;NMLOfcbw[3NML`aKPKMLUqaA]cbtNM[-LOHbcNM]FDFE#L`!H3UGAfch/abcNMGAHkLONPYLOHwv52NML7k^ZIGAfcfcNPY;NMLOfFLOH#[-LOH

Lpj
WXLOY;Z-H-YLOH]cNPH#[iI$KMLONPHwv52NML^]FL7{GAfuaZ#]F]FLObck^Z-H-YLOH|KMLOYLOHﬂ[3NML{LOfcWXLOH#[3Z-H-Y(]FGAYLOH
aH-HbFLOf=sﬃaZ-Aj2LOWbFGAH3j
{LOfUqaE-fFLOHH
aE#L ^+]cNMLOE#L7kv

v Q ¬)S >CB;a(S! Q ¬)S >CD;a(S9`pv2NML 
SE-H-KPNMDFE-ILONPb[-LOfxaH#LONPH
aH#[-LOfaH-k^Z-T
aA]F]FLOH#[-LOH
{GAKPZ-h=NPH
arh`GAbcNPm$NMLOfcbaKM]xnSV#]cbuaH#[-]U+Z-H-I$bcNMGAHﬂLONPH3UqaADFEﬂ[3NML/CZ-h=h`L`[-LOfx§Z
aA[3fcNMLOfcbFLOH|2N

LOfFLOH-kLOHﬂk^WNzj
]FDFE#LOH[-LOHﬃabFLOH#]udbckLOHJk^Z h=NPH-NPh=NMLOfFLOHwv2NML^]FLWST-bcNPh=NMLOfcZ-H-YhZ-ﬂH-NMDFEb=U+-f`[-LOHJIGAh=T-KMLObcbFLOH{Gj
KPZ-h`LOH#[#abFLOH#]uabckr[3Z-fFDFE-YLpU+-E-fcb7WXLOfF[-LOHwv <
Z-hªLONPH#LOH|IlAH-H#LOH

LOfFLONMDFE#L;[3NML`]cNMDFEﬂH-NMDFEb7h`G$[-LOKPKPYLOh/d
mLOfcE
aKPbFLOH=Z-H#[aZ#DFEH-NMDFEbU+-f)[3NMLUg(Sqj!nSH
aKP3]FL¦NPHbFLOfFL^]F]uaHb]cNPH#[_^,kv

vPEtaKM]cVLOfFLONMDFE?`aZ#]cYLOI$Kah=h`LOfcb
WXLOfF[-LOHwv<
Z-haH#[-LOfFLOHﬂNM]cbL^]ﬃh`lAY;KPNMDFEwwHZ-fLONPH#L
U
HbFLOfch`LOH-YL[-LOfﬃk^Z-fx{LOfU+-Y;Z-H-Y(]cbFLOE#LOH#[-LOHﬂ{G^«-LOK
k^ZRmLOfcWXLOH#[-LOHw
Z-h [3NMLxSL^DFE#LOH-kLONPbSk^ZRGAT-bcNPh=NMLOfFLOHwv
2GAbcNMLOfcb7h/aH [3NML
U
HbFLOfch`LOH-YLo[-LOfU+-f7[3NMLWST-bcNPh=NMLOfcZ-H-Yik^ZmLOfcWXLOH#[-LOH#[-LOH {G^«-LOKXNPH{LOI$bFGAfFLOHw]FG
LOfcE
dKPbSh/aH?aKM]SQtfcNPbFLOfcNPZ-h 
a
`
9  
`>-`N


&

	
&

3
&

&>& 7	
9
#
 IH 
ﬂ
ESNMLOfcVLONX]FLON8
 
[-LOf{LOI$bFGAf[-LOfk^Z|VLObcfuaADFEbFLOH#[-LOH _¦Z-H-I$bFL`NPhSLpULOfFLOH-k^mGAKPZ-h`LOH]FGWNML  [-LOf{LOIj
bFGAfh=NPbS[-LOHoIGAfcfFL^]cTGAH#[3NMLOfFLOH#[-LOH(_¦Z-H-I$bFLOH?aZ#][-LOh¢aHR[3NMLﬃSLpULOfFLOH-kaH-k^Z-T
aA]F]FLOH#[-LOHR{GAKPZ-h`LOHwv#2NML
_)afuah`LObFLOf`mGAHYLOVLOHfFLOKabcNPmLo_G;]cNPbcNMGAH#]udH#[-LOfcZ-H-YijﬃVLONM]cT-NMLOKM]cWXLONM]FLNPHSGAbuabcNMGAH#LOHZ-h [3NMLQSGj
GAfF[3NPH
abFLOH
aADFE#]FLOHiZ-H#[LwfuaH#]cKabcNMGAH#LOHLOHbcKaH-Yr[-LOf2nDFE#]FLOHRjXmGAH  YLOYLOH-VLOft[-LOf2SLpULOfFLOH-k^TG;]cNPbcNMGAH
aHwv
_¦fcNPH-k^NPT-NMLOKPKwWedfFLtL^]XHZ-Hrh`lAY;KPNMDFEw-[-LOHr¥ﬂLOfcbe[-LOfSCZ-h=h`Lt[3Z-fFDFERLONPHoaKPKPYLOh`LONPH#L^]3h`LOE-fF[3NPh`LOH#]cNMGAH
aKML^]
WST-bcNPh=NMLOfcZ-H-Y]cmLOfUqaE-fFLOH ^,kv

v 2LOKM[-LOfj!g(LaA[$jq{LOfUqaE-fFLOHw]cNMLOE#L(kv

vaQ _

>C;VS9`=k^Z¨h=NPH-NPh=NMLOfFLOHwZ-h
GAT-bcNPh/aKMLx¥ﬂLOfcbFLtU+-f[3NML

LOWXLOY;Z-H-Y]cT
afuah`LObFLOf


&

	
&

3
&

&>& `k^Zoy#H#[-LOHwv
ﬃa[3NML

LOWXLOY;Z-H-Y2k^WNM]FDFE#LOHSLpULOfFLOH-kZ-H#[aH-k^Z-T
aA]F]FLOH#[-LOHﬃabFLOHaKM]I$KMLONPHaH-YLOH#GAh=h`LOHWNPfF[5V-NMLObFLOb
]cNMDFErWXLOYLOHRLONPH#LOfVL^]F]FLOfFLOHrQSGAHmLOfcYLOH-kLONPH?sﬃaZ-Aj2LOWbFGAH3jq{LOfUqaE-fFLOH(aHwv ESNMLOfck^ZrWNPfF[r[3NML LwfuaH#]UGAfj
h/abcNMGAH[-L^]ﬃ{GAKPZ-h`LOH#[#abFLOH#]uabckL^]	
 
[3Z-fFDFELONPH#L La^$KMGAfFLOHb!WNMDFI$KPZ-H-Y|LOfF]cbFLOf WSfF[3HZ-H-YaT-T-fFG^«3NPh=NMLOfcb
^+]cNMLOE#L Q ¬)S >CB;a(S9` >
  
 
@ #

 @ F
 


 	 ^ ?#v
8
`
h=NPb 



	
=


=
ﬂ4ﬂ4ﬂ

	
=


v
v
v
v
v
v
v
v
v

	


=
ﬂ4ﬂ4ﬂ

	




ﬀ
ﬂ
tLOfhj![3NPh`LOH#]cNMGAH
aKMLﬃ{LOI$bFGAf

RLOHbcE
dKPbS[#aVLONw[3NML LwfuaH#]UGAfch/abcNMGAH#]cT
afuah`LObFLOf
 NPh¯¬
aKPKMLﬃ[-L^]g(G$[-LOKPKM]
[-LOfSCbuafcfFLOH3j!QSlAfcTLOfj

LOWXLOY;Z-H-Y[3NML D_)afuah`LObFLOf


&

	
&

3
&

&>& #v-tLOfe¬#LOE-KMLOfcbFLOfch F
 


 	]cbFLOEbU+-f
[3NML=¬#LOE-KMLOfU+Z-H-I$bcNMGAH|h=NPbYLLOfch`LOHﬂE#lAE#LOfFLOf WSfF[3HZ-H-Y#vw2NML^]FLOfﬃWNPfF[(U+-fx[-LOHmGAfcKPNMLOYLOH#[-LOH|¬
aKPKI$KMLONPH#LOf

LOWXLOY;Z-H-YLOH(mLOfcH
aADFE-KdA]F]cNPY;bv
2NMLiT
afcbcNMLOKPKMLOH­nSV-KMLONPbcZ-H-YLOH

	


NPH}[-LOfcOaAD^GAV-Nzj!giabcfcNz«&YLOVLOH}[3NML 
SH#[-LOfcZ-H-Y [-L^]r¥ﬂLOfcbFL^]omGAH
{G^«-LOK
 
`VLOk^-Y;KPNMDFE LONPH#LOfI$KMLONPH#LOH LwfuaH#]UGAfch/abcNMGAH Z-h [-LOH _)afuah`LObFLOf raHwv2NML^]FLnSV-KMLONPbcZ-H-YLOH
IlAH-H#LOHi[3Z-fFDFEinSHWXLOH#[3Z-H-YrmGAH(I$KMLONPH#LOH?¥ﬂLOfcbFLOHi[-L^]cLOWXLONPKPNPYLOHi_)afuah`LObFLOfF]xZ-h [3NML SZ-KPKaYL7aZ3U
[3NMLﬃfFLOKMLOm;aHbFLOH?{G^«-LOKwmGAH 
 
h=NPbMESNPKzULﬃLONPH#L^]S2N

LOfFLOH-kLOH#§Z#GAbcNMLOHbFLOH(YL^]FDFE
dbck^bSWXLOfF[-LOH 

 
`





 
K@ 	 -<
 
:- 	
`
 
ﬂ
_¦fuaI$bcNM]FDFEVL^[-LOZ-bFLOb=[3NML^][#aiLONPHZ-h [-LOH_)afuah`LObFLOf$@ ]FGWNML - /bcfuaH#]UGAfch=NMLOfcbFLOf=ﬃabFLOH#]uabck
NPHbFLOfcTGAKPNMLOfcb(WXLOfF[-LOHﬀhZ-#vS2NML^]FLﬂ!HbFLOfcTGAKabcNMGAHﬀWNPfF[­-V-KPNMDFE#LOfcWXLONM]FL|KPNPH#Laf([3Z-fFDFE-YLpU+-E-fcbX^,kv

vNPH
R  +-ﬃ '&!<  Wﬂ  ,;&   *01+-ﬃ$ﬃﬂ&! SE"% ,;cdG%!0["\&! G- (G- ﬀ
ﬁ
"%*cﬂ
ﬃ
+-ﬃ,*Wﬂ'& a!PG%&!ﬃ <  ﬃ,ﬃ,#"f ,!"\&!Lﬃﬃ,ﬁ23  ,/#b\&!
!, Wﬂ'&!<  WﬂEM
 ] %
  
' !ﬀ

 ﬁ:$    
Q ¬)S >CB;aS9` 
[3NMLTSZ
aKPNPbudb?[3NML^]FLOf?!HbFLOfcTGAKabcNMGAH1E
ab?]cNMDFE­NPH­[-LOf?_¦fua«3NM]rU+-fR[3NML^]FLﬂnSHWXLOH#[3Z-H-Y}aKM]
aZ#]cfFLONMDFE#LOH#[?LOfcWNML^]FLOHwv
U
HbFLOf?{LOfcWXLOH#[3Z-H-Y}[3NML^]FLOfiC$DFE
dbck^Z-H-Y\U+-f?[3NMLOaAD^GAV-Nzj!giabcfcNz« °NM]cb?L^]RHZ-H1h`lAY;KPNMDFEwt[3NML

LOWXLpj
Y;Z-H-Y]cT
afuah`LObFLOf

ik^Z(VL^]cbcNPh=h`LOHwv5s2KMLONMDFEZ-H-Y?#v
8
NM]cb2LONPHi]cbuafcIo-VLOfcVL^]cbcNPh=hbFL^]s2KMLONMDFEZ-H-Y]F]c3]cbFLOh
^(&^
ﬂ4ﬂ4ﬂ
^

#z `p[-L^]F]FLOH Nwl;]cZ-H-Y2NPh~CNPH-H#LX[-LOfI$KMLONPH#]cbFLOHFSZ
aA[3fuabFLXh=NPbOESNPKzUL[-LOf)g(G$GAfFLpj!_LOH-fFG;]FLpj
_]FLOZ#[-GANPHmLOfF]FLOH(LOfch=NPbcbFLOKPbSWXLOfF[-LOH?I;aH-H 
  
 
@  #




O
# 0/-<
 
	 
O
# I#


ﬂ

O
# NM]cbﬃLONPH#Lh «(h giabcfcNz«5WXLOKMDFE#L=NPHmLOfcbcNMLOfcV
afNM]cbWXLOH-H|[-LOfﬃ2aH-YR[-LOfeOaAD^GAV-Nzj!giabcfcNz«h NM]cbv
2NML^]FL

L^[3NPH-Y;Z-H-Y7NM]cb¦U+-fX[#aA]

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]cT-fFGAV-KMLOh¯H#GAfch/aKMLOfcWXLONM]FLtLOfU+-KPKPbj]FLOKPV#]cbWXLOH-Hr[3NML
{GAKPZ-h`LOH#[#abFLOH#]udbckL=HZ-fﬃ2aZ#]FDFE#LOHLOHbcE
aKPbFLOHwv5¬-fﬃ[#aA]tg(G$[-LOKPK)[-L^]ﬃ]cbuafcfFLOHQSlAfcTLOfF]tNM]cb2  ;3]FG
[#ao[3NML=!HmLOfF]FL7k^-Y;NPYoVLOfFL^DFE-H#LObxWXLOfF[-LOHﬂI;aH-Hwv2NML

LOWXLOY;Z-H-Y]cT
afuah`LObFLOfIlAH-H#LOHﬂ[3Z-fFDFEUGAKPYLOH#[-L

LOk^NMLOEZ-H-Y/YL^]FDFE
dbck^bSWXLOfF[-LOH 

O
# I#

  
O
#70 -<
 
	


 


O
# 

B
1
# 
O
  

		
		 ﬀﬀ	
	
# 0 -<
 
	
ﬂ
^ ?#v ;:`
2NML2]FG7LOfch=NPbcbFLOKPbFLOHo_)afuah`LObFLOf

o]cbFLOKPKMLOHoLONPH#L2LOfF]cbFLxC$DFE
dbck^Z-H-Y`[-LOf LwfuaH#]UGAfch/abcNMGAHR[#af3[3NMLSH#GAb!WXLOH3j
[3NPY7NM]cbZ-h [3NML2SLpULOfFLOH-k[#abFLOH 
 
aHrLONPH#LOH{GAKPZ-h`LOH#[#abFLOH#]uabckC aH-k^Z-T
aA]F]FLOHwv$2NML^]FL2nSH-T
aA]F]cZ-H-Y7NM]cb
LONPYLOHbcKPNMDFE[3NML
U
h=ILOE-fcZ-H-Y([-LOfxZ-fF]cT-fc-H-Y;KPNMDFEVLaV#]cNMDFEbcNPY;bFLOH LwfuaH#]UGAfch/abcNMGAHmGAH	aZ3U[3NML`SLpULpj
fFLOH-k[#abFLOH 
 
v$tLOfXYLOWedE-KPbFLt¥ﬂLOY]cbFLOKPKPbcL^[-G$DFEILONPH#LOH taADFEbFLONPKw[#af3[#a[3NMLSNPHmLOfF]FL LwfuaH#]UGAfch/abcNMGAH
T-fFGAV-KMLOh=KMG;]`aZ3U  h=NPbﬀESNPKzUL/LONPH#LOf=!HbFLOfcTGAKabcNMGAHJaH-YLOWXLOH#[-LOb=WXLOfF[-LOH I;aH-HwvtLOf7{GAfcbFLONPK[-L^]7Z-hj
YLOILOE-fcbFLOH¨nSH#]uabckL^]`mGAH}s2KMLONMDFEZ-H-Y ?#v
8
kLONPY;b]cNMDFENPH\[-LOHJUGAKPYLOH#[-LOHNPbFLOfuabcNPmLOH Nwl;]cZ-H-Y#v
U
h [3NML
C$DFE
dbck^Z-H-Y?mGAH

|k^ZﬂmLOfcVL^]F]FLOfcHw5WNPfF[ﬂ[-LOfxh=NPb[-LOfxNPHmLOfF]FLOH LwfuaH#]UGAfch/abcNMGAHNPHbFLOfcTGAKPNMLOfcbFLﬃabFLOH3j
]uabckB
!
LOfcH#LOZ-bXaZ3Uws2KMLONMDFEZ-H-Y ?#v ;ﬃaH-YLOWXLOH#[-LObvﬃafuaZ#]¦LOfcY;NPV-b]cNMDFE=LONPH#LeH#LOZ#L Nwl;]cZ-H-Y


!

A[3NMLeYL^]uahbFL
LwfuaH#]UGAfch/abcNMGAHRNM]cb



ﬁﬂﬁ



!
@


ﬃ

v3¬-f[3NML^]FL2k^WXLONPbFLx!bFLOfuabcNMGAHoZ-H#[RaZ#DFE?aKPKML2UGAKPYLOH#[-LOHoV-KMLONPV-b[3NML
OaAD^GAV-Nzj!giabcfcNz« 1Z-H#[\]FGAh=NPboaZ#DFE}[3NML(_]FLOZ#[-GANPHmLOfF]FL


O
# 

B
1
# 
O
Z-HmLOfudH#[-LOfcbve¥\-fF[-L(]cNMDFE
[3NMLcOaAD^GAV-Nzj!giabcfcNz«¨aZ3Uﬃ[3NML(aH-k^Z-T
aA]F]FLOH#[-LOH\ﬃabFLOH VLOk^NMLOE#LOHw]FGih-;bFLOH¨[3NMLRgiabcfcNz«J]FGWNML?[3NML
_]FLOZ#[-GANPHmLOfF]FLtU+-fcL^[-Lﬃ!bFLOfuabcNMGAHoH#LOZoVLOfFL^DFE-H#LObWXLOfF[-LOHwv#!H#]cVL^]FGAH#[-LOfFL2V-KMLONPVLOHoVLON5[-LOh¯YLOWedE-KPbFLOH
NPHmLOfF]FLOHRnSH#]uabckx[3NMLﬃgiabcfcNPkLOH?aZ#DFEoU+-f[3NML

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAHiaKPKMLOfWXLONPbFLOfFLOHR{GAKPZ-h`LOH#[#abFLOH#]udbj
kLoh=NPb/[-LOh ]FLOKPVLOHSLpULOfFLOH-k^mGAKPZ-h`LOHNM[-LOHbcNM]FDFEwX]FGﬂ[#a|[3NML

LOfFL^DFE-HZ-H-Y[-LOf OaAD^GAV-Nzj!giabcfcNz«JZ-H#[
[-LOf_]FLOZ#[-GANPHmLOfF]FLOH|HZ-f7LONPHﬂLONPH-k^NPYL^]7giaK)U+-fx[3NML`QSGAfcfFLOI$bcZ-f7LONPH#L^]xIGAh=T-KMLObcbFLOHﬂUg(Sqj!ﬃabFLOH#]uabckL^]
[3Z-fFDFE-YLpU+-E-fcbSWXLOfF[-LOH?hZ-#v
2NMLRnSH-kaE-K2[-LOf!bFLOfuabcNMGAH#LOHwX[3NML?LOfUGAfF[-LOfcKPNMDFE¨]cNPH#[5¦Z-h©LONPH#L(aZ#]cfFLONMDFE#LOH#[T-fudk^NM]FLiC$DFE
dbck^Z-H-Y [-LOf
LwfuaH#]UGAfch/abcNMGAH#]cT
afuah`LObFLOf

U+-fUg(Sqjqb!$T-NM]FDFE#L

LOWXLOY;Z-H-YLOHok^ZrLOfch=NPbcbFLOKPHw$NM]cbXNPHr[-LOHT-Z-V-KPNPk^NMLOfcbFLOH
nSKPYGAfcNPbcE-h`LOHRUL^]cbcYLOKMLOY;b ^,kv

v
aZ3U:VLON Q ¬)S >CB;aS! Q ¬)S >CD;a(S9`pv LwfFGAbck7[3NML^]FLOffFLOKabcNPmoYLOfcNPH-YLOH(!bFLOfuabcNzj
GAH#]cbcNMLpULtZ-H#[o[-LOfMLabF]uaADFE#L;
[#a`[3NMLxGAVLOHoYLOH
aH-HbFLOH(giabcfcNz«-GATLOfuabcNMGAH#LOHRHZ-fSLONPH?LONPH-k^NPYL^]giaKaZ#]j
YLpU+-E-fcbSWXLOfF[-LOH(h#]F]FLOHw]cNPH#[RYdH-Y;NPYL7!h=T-KMLOh`LOHbcNMLOfcZ-H-YLOHﬂ[-L^]ﬃsﬃaZ-Aj2LOWbFGAH3jq{LOfUqaE-fFLOH#]tKaH-Y]uah
mLOfcY;KPNMDFE#LOH`h=NPb[-LOh°nSH#]cT-fcZ#DFE`LONPH#LOf

DFEbckLONPbcIGAfcfFLOI$bcZ-fv$g?NPb)h`G$[-LOfcH#LOH$XGAh=T-Z-bFLOfF]c3]cbFLOh`LOH/]cNPH#[U+-f
[3NML

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fLONPH#L^])Ug(Sqj!ﬃabFLOH#]uabckL^][-LOf)NPHWXLOH-NPYLOH/g?NPHZ-bFLOH=YLOh`L^]F]FLOH=WXLOfF[-LOH=I;aH-Hw
SL^DFE#LOH-kLONPbFLOHmGAH/h`LOE-fFLOfFLOHRCbcZ-H#[-LOH/-V-KPNMDFE ^+]cNMLOE#LRQ Q NOW >C>ﬂS9`pvtLOH-H#G$DFEE
aVLOH]cNMDFE[3NML^]FLnSKPYGAfcNPbcE3j
h`LOH/NPHr[-LOfX¬#GAfF]FDFEZ-H-Y`[3Z-fFDFE-YL^]FLObck^beZ-H#[/YLOE#lAfFLOHE#LOZ-bFLSk^ZLONPH#LOfCbuaH#[#afF[$jUg(Sqj!nSZ#]cWXLOfcbcZ-H-Y#v3¬-f
[-LOH

NPH#]uabckNPHR[-LOfI$KPNPH-NM]FDFE#LOH?SGAZ-bcNPH#Lx]cNPH#[o]FGAKMDFE#LxSL^DFE#LOH-kLONPbFLOH(H-NMDFEbtaI$kLOT-buaVLOKqv
    	
 ]


  ](
 % %
  
' !d$
  ﬀ
ﬃ



 
(
2
-."4E
/
$'&
2
7
/
(
!H?[-LOHRmGAfcE#LOfcYLOE#LOH#[-LOHinSV#]FDFE-H-NPbcbFLOHRWZ-fF[-LOH?mLOfF]FDFE-NML^[-LOH#L{LOfUqaE-fFLOHRk^Z-f

L^]cbcNPh=hZ-H-Y/mGAH

LOWXLpj
Y;Z-H-Y]cT
afuah`LObFLOfcH k^WXLONMLOf

_qj!ﬃabFLOH#]udbckLYLOYLOH#LONPH
aH#[-LOf`LOfcKdZ-bFLOfcbv)tLOfUGAKPYLOH#[-LoC$DFE-fcNPbcbNM]cbHZ-H
[3NML`QSGAfcfFLOI$bcZ-f7LONPH#L^][-LOfxﬃabFLOH#]udbckL`h=NPb[-LOHYLpU+Z-H#[-LOH#LOH|¥ﬂLOfcbFLOH|[-LOf

LOWXLOY;Z-H-Y]cT
afuah`LObFLOfv)tLOf
LGAh`GAY;fuaT-E¨KPNMLpULOfcbLONPH\[3NM]cI$fFLObFL^]

NPKM[5veCbFLOKPKPbh/aH\]cNMDFEmGAf[3NML^]FL?[3NM]cI$fFLObFLOH\!H3UGAfch/abcNMGAH#LOH\KPNMLOY;b
aZ3U¦[-LOHoQtfFLOZ-k^Z-H-Y]cT-Z-H-I$bFLOH(LONPH#L^]Ss2NPbcbFLOfF]-]FG7NM]cbL^][3NMLtnSZ3U+YaVLt[-LOf!HbFLOfcTGAKabcNMGAHw-h`lAY;KPNMDFE#]cbY;Z-bFL
¥ﬂLOfcbFLU+-fY<
WNM]FDFE#LOH-Y;NPbcbFLOfcT-Z-H-I$bFLaH-k^Z-YLOVLOHwv2NML^]FL7¬-fuaYL^]cbFLOKPKPZ-H-YRLOfcY;NPV-bﬃ]cNMDFEiVLON)LONPH#LOftVLOKPNMLOV-NPYLOH
SGAbuabcNMGAH(Z-H#[XLwfuaH#]cKabcNMGAHLONPH#L^]

NPKM[-L^]v!h UGAKPYLOH#[-LOH(WXLOfF[-LOH[3NMLxWNMDFEbcNPY]cbFLOHV-NPKM[$jXZ-H#[?Ij!2aZ-hj
V
aA]cNMLOfcbFLOH!HbFLOfcTGAKabcNMGAH#]ch`LObcE#G$[-LOHJU+-f=[3NMLUg(SﬃmGAfcYL^]cbFLOKPKPbv2NML^]FLZ-HbFLOfF]FDFE#LONM[-LOH¨]cNMDFE VLOk^-Y;KPNMDFE
stL^]FDFEWNPH#[3NPY;ILONPbﬃZ-H#[ SZ
aKPNPbudb2mGAH#LONPH
aH#[-LOfv!H?LONPH-NPYLOHi¬¦dKPKMLOH(WNPfF[RE-NMLOf2HZ-ft[-LOf2LONPH#[3NPh`LOH#]cNMGAH
aKML
¬
aKPK[3NM]cI$Z-bcNMLOfcb
#[3NML

fcWXLONPbFLOfcZ-H-YoaZ3U)k^WXLONV-k^Wxv#[3fFLONw2NPh`LOH#]cNMGAH#LOH?NM]cb[#aH-HRbcfcNPm$NaKqv
!h

NPKM[3fuaZ-hE
dH-Y;b/[-LOf=¥ﬂLOfcb/LONPH#L^] <
WNM]FDFE#LOH-Y;NPbcbFLOfcT-Z-H-I$bFL^]oaH#]FDFE
aZ-KPNMDFEmGAHJ[-LOh¥ﬂLOfcb`[-LOf`NPE-H
Z-h=YLOVLOH#[-LOHs2NPbcbFLOfcT-Z-H-I$bFLaVwv-2NMLﬃV-NPKM[3fuaZ-hV
aA]cNMLOfFLOH#[-LOHi!HbFLOfcTGAKabcNMGAH#LOHW^,KPNPH#Laf  ?#v ;3v
8

-]cNPH#D 
?#v ;3v ;:`IlAH-H#LOHR[-L^]cE
aKPV?aKM]eLONPH#L WSfcbF]cfuaZ-hUqaKPbcZ-H-Y=UGAfchZ-KPNMLOfcbWXLOfF[-LOHwv#2NML^]XWNML^[-LOfcZ-h VL^[-LOZ-bFLObLONPH#L
g?Z-KPbcNPT-KPNPI;abcNMGAHNPh

j!2aZ-hRv

]7kLONPY;b]cNMDFENPHnSV#]FDFE-H-NPbcb ?#v ;3v ;3[#ai[3NML¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLo[-L^]
GAT-bcNPh/aKMLOH`¬
aKPbcZ-H-Y]cILOfcH#]LONPHSL^DFEbFL^DFI7NM]cbv2NMLX[#afcYL^]cbFLOKPKPbFLOH=g(LObcE#G$[-LOHh`L^]F]FLOH]cNMDFE=[-L^]cE
aKPV7NPh=h`LOf
aH?[3NML^]FLOh¢GAT-bcNPh/aKMLOH?!HbFLOfcTGAKabcNMGAH#]cILOfcHwv2LOVLOHR[-LOHRV-NPKM[3V
aA]cNMLOfcbFLOH?!HbFLOfcTGAKabcNMGAH#LOH(WXLOfF[-LOHRNPH?[-LOf
N5NPbFLOfuabcZ-f2mLOfF]FDFE-NML^[-LOH#LIj!2aZ-hjq{LOfUqaE-fFLOHW^  ?#v ;3v Ł:`XVL^]FDFE-fcNMLOVLOHw#WXLOKMDFE#L7LONPH#LﬃY;Z-bFL

fcYLOV-H-NM]F§Z
aj
KPNPbudbVLONaI$kLOT-buaV-KMLOfSSL^DFE#LOH-YL^]FDFEWNPH#[3NPY;ILONPbtKPNMLpULOfcHwv
ﬂP ﬀPﬂ) ﬂMﬂﬁ( 01,& *Pﬁ	#C ,/_ 	ﬃ!0 #& 	ﬁ

LONw[-LOfKPNPH#LafFLOHR!HbFLOfcTGAKabcNMGAHRWNPfF[o[-LOf¥ﬂLOfcbLONPH#L^]F<
WNM]FDFE#LOH-Y;NPbcbFLOfcT-Z-H-I$bFL^]SVL^]cbcNPh=hb3NPH#[-LOh h/aH
[3NMLxVLONM[-LOH([3NPfFLOI$bFLOH taADFEV
afcT-Z-H-I$bFL7h=NPbSNPE-fFLOh nSV#]cbuaH#[Rk^Z-h<
WNM]FDFE#LOH-Y;NPbcbFLOfcWXLOfcbﬃYLOWNMDFEbFLObv2NMLpj
]FL=!HbFLOfcTGAKabcNMGAHafcVLONPbFLObﬃNPh{LOfcY;KMLONMDFE|k^Z|aH#[-LOfFLOHﬂ!HbFLOfcTGAKabcNMGAH#]ch`LObcE#G$[-LOH]FLOE-fﬃ]FDFE-H#LOKPKqv

LON[-LOf
0
1
Kernfür lineare Interpolation
Ortraumachse
0
0.05
0.1
0.15
0.2
Spektrum des Kerns für lin. Interpolation
Spektrum des optimalen Kerns
Frequenzraumachse
1 10 5
1 10 4
0.001
0.01
0.1
1
Spektrum des Kerns für lin. Int. - halblogarithmisch
Spektrum des optimalen Kerns - halblogarithmisch
Frequenzraumachse
nSV-V-NPKM[3Z-H-YS?#v ; -!HbFLOfcTGAKabcNMGAH#]cILOfcH(Z-H#[R[-L^]F]FLOH(CTLOI$bcfcZ-h¯U+-f[3NMLtKPNPH#LafFL!HbFLOfcTGAKabcNMGAH
KPNPH#LafFLOHR!HbFLOfcTGAKabcNMGAHrNM]cbe[-LOfeQﬃLOfcHw$h=NPbe[-LOh [3NML

NPKM[-[#abFLOHrk^Z-fe!HbFLOfcTGAKabcNMGAHoYLpUqaKPbFLObXWXLOfF[-LOHw-LONPH
 ]  ] "#
$ﬁﬁ:$   
2fFLONML^DFI/[-LOf E2lAE#L2LONPH#]Z-H#[/[-LOf

fFLONPbFLSk^WXLONq$[-L^]F]FLOHgia«3NPhZ-h¯aZ3U[-LOh k^ZrLOfch=NPbcbFLOKPH#[-LOH<
WNM]FDFE#LOH3j
Y;NPbcbFLOfcT-Z-H-I$bﬃKPNMLOY;bvw2NML E2lAE#L=[-L^]x2fFLONML^DFI3]aH[-LOH taADFEV
afcT-Z-H-I$bFLOH|KPNMLpULOfcbx[3NML/stLOWNMDFEbcZ-H-Y]UqaI$bFGj
fFLOHwvnSV-V-NPKM[3Z-H-Y ?#v ;xkLONPY;bX]FGWXGAE-K5[-LOHQﬃLOfcHoaKM]eaZ#DFEr[-L^]F]FLOHoCTLOI$bcfcZ-h NPh {LOfcY;KMLONMDFErk^Z-h GAT-bcNPh/aKMLOH
CTLOI$bcfcZ-hRv2NML(nST-T-fFG^«3NPh/abcNMGAH}[-L^]SL^DFEbFL^DFI3]cTLOI$bcfcZ-h`]rNM]cb`h/aH-YLOKPE
aU+b
e[#aA]oCTLOI$bcfcZ-h UqdKPKPb/NPh

H#[3VLOfFLONMDFE|[-L^]xSL^DFEbFL^DFI3]xk^Zﬂ]cbuafcIiaVwv52NML^]tU+-E-fcbtk^ZﬂLONPH#LOf LeNMLpU+T
aAy#KPbFLOfcZ-H-Y?[-LOfxﬃabFLOHww[3NML=]cNMDFE
VLON
KPNPH#LafXNPHbFLOfcTGAKPNMLOfcbFLOH

NPKM[-LOfcHr[-LOZ-bcKPNMDFErh=NPbX[-LOh nSZ-YLSLOfcILOH-H#LOHrKd;bv$2NML^]FLS¬NPKPbFLOfcZ-H-Y7NM]cbU+-fX[3NML
<
WXL^DFILr[-LOfxUg(S2H-NMDFEb`aI$kLOT-buaVLOKqv!H#]cVL^]FGAH#[-LOfFL`E
dH-Y;b[3NMLrCbudfcIL[-LOf¬NPKPbFLOfcZ-H-Y(mGAH[-LOf NaYL
[-L^]k^ZoNPHbFLOfcTGAKPNMLOfFLOH#[-LOH-<
WNM]FDFE#LOH-Y;NPbcbFLOfcT-Z-H-I$bFL^]ﬃaVwv N5NMLOY;bS[-LOfS_¦Z-H-I$bYLOH
aZRNPHR[-LOfSg?NPbcbFLtk^WNM]FDFE#LOH
[-LOH|Cbc-bck]cbFLOKPKMLOHww]FGWNPfF[[3NML¬NPKPbFLOfcZ-H-Yoh/a«3NPh/aKqv¥\NML

NPKM[X?#v ;mLOfuaH#]FDFE
aZ-KPNMDFEb5U+-E-fcbx[3NML^]FLOf

U,j
ULOI$bxNPh¬
aKPKXLONPH#LOfSGAbuabcNMGAH|k^ZLONPH#LOfGAfcbF]uaV-E
dH-Y;NPYLOHJCbudfcIL[-LOf7¬NPKPbFLOfcZ-H-YX^,m$Y;KqvnSV#]FDFE-H-NPbcb ?#v ;3v ?
Z-H#[/nSV-V-NPKM[3Z-H-Y ?#v B:`pv$ﬃatVLON[-LOfUg(S[3NML_)abcNMLOHbFLOHVLOWXLOY;Z-H-Y/Z-H#[/[#ah=NPbX[3NMLSSGAbuabcNMGAH#]cT
afuah`LObFLOf
kLONPbuaV-E
dH-Y;NPY]cNPH#[5)U+-E-fcb/[3NMLoKPNPH#LafFL?!HbFLOfcTGAKabcNMGAHk^ZLONPH#LOf`kLONPbjZ-H#[GAfcbF]uaV-E
dH-Y;NPYLOH\¬NPKPbFLOfcZ-H-Y
[-LOfxﬃabFLOHwv

L^]F]FLOfFL=!HbFLOfcTGAKabcNMGAH#]cmLOfUqaE-fFLOHIlAH-H#LOH

LOWXLOY;Z-H-Y]uafcbFLpUqaI$bFL/NPHﬂ[-LOH

fcYLOV-H-NM]cV-NPKM[-LOfcH
LOfcE#LOV-KPNMDFE(]cbudfcILOffFL^[3Z-k^NMLOfFLOHwv
ﬂP ﬀP   ﬂﬁ   *Pﬁ	#C ,/_ 	ﬃ!0 #& 	ﬁ
ﬃa/[3NMLYL^]uahbFL!H3UGAfch/abcNMGAHLONPH#L^]tV
aH#[3VL^]FDFE-fudH-I$bFLOHIGAHbcNPHZ-NMLOfcKPNMDFE#LOH CNPY;H
aKM]2NPHLONPH#LOftLOH#[3KPNMDFE#LOH
g(LOH-YLSmGAHr_¦Z-H-I$bFLOHoLOHbcE
aKPbFLOHoNM]cb]cbFLOKPKPbe]cNMDFEo[3NPfFLOI$be[3NML2¬-fuaYL2H
aADFEo[-LOfeSLOIGAH#]cbcfcZ-I$bcNMGAHr[-LOf!H3UGAfj
h/abcNMGAHw#[3NMLﬃk^WNM]FDFE#LOH?[-LOH?nSV-buaA]cb!WXLOfcbFLOH(KPNMLOY;bv
<
Z-f2NM]cI$fFLObcNM]cNMLOfcZ-H-YRWNPfF[ﬂLONPH#L`¬-Z-H-I$bcNMGAH 4

	SVLObcfuaADFEbFLObv

NPH#L=YLOfuaA[-L/nSH-kaE-K  aZ3ULONPH
aH#[-LOfUGAKzj
YLOH#[-LOfS_¦Z-H-I$bFL;#[3NMLxLONPH#LOH

LOfFLONMDFE?mGAH
@
#K)

LOfUqaA]F]FLOHw-]FLONMLOHR[-Lpy#H-NMLOfcb2[3Z-fFDFE 
  
-
@
 A
ﬂ ﬂ ﬂ@
 A -

,
 
#!)

 
, 4

	
2NMLﬃnSV-buaA]cb!WXLOfcbFLLOfcYLOVLOH?[#ah=NPbS[3NMLx¬-Z-H-I$bcNMGAH 

	pv
 

	<

C
#
B
1
a
AB

C
#
4

	 #7

-
 
)

	
ESNMLOfcVLON]FLON7+E	 &¦Z-H#[]FGAH#]cb-v!Hx[-LOf[3NPY;NPbuaKMLOH=CNPY;H
aKPmLOfuafcVLONPbcZ-H-YtNM]cbL^]w-V-KPNMDFEwNPh1[3NM]cI$fFLObFLOH7¬
aKPK
^qCZ-h=h`LOH?`5[3NMLYLOYLOVLOH#LtLpy#H-NPbcNMGAH[-L^]	7 J\	k^ZxVLOHZ-bckLOHwv2NML^]wNM]cbdA§Z-NPm;aKMLOHbk^ZLONPH#LOhﬀ!HbFLOY;fuaK-VLOf
[-LOH

LOfFLONMDFE[-LOf=CZ-h=h`L`Z-HbFLOf{LOfcWXLOH#[3Z-H-Yi[-LOf72NPfuaAD  ]FDFE#LOHtLOKPbuaU+Z-H-I$bcNMGAHwv!h IGAHbcNPHZ-NMLOfcKPNMDFE#LOH
¬
aKPKWNPfcI$b
7 J\	XaKM]FGxWNML2[3NML22NPfuaAD  ]FDFE#L2tLOKPbuaU+Z-H-I$bcNMGAH
$VLON5CZ-h=h`LOHo[#aYLOYLOHWNMLSk^Z-mGAfaH-YLOYLOVLOHwv
ﬃah=NPbSLOfcY;NPV-bS]cNMDFEoU+-f[3NMLﬃ¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFL[-LOfnSV-buaA]cb!WXLOfcbFL 
   	< ﬃ
B
ﬃ
 

	 #KF
#:9
`
M

V


   	< ﬃ

B
ﬃ

C
#
B
1
a
AB

C
#
4

	 #7

-
 
)

	 #!F
#:9
`
M

V


   	<

C
#
B
1
a
AB

C
#
4
 
)

  


	 #!F
#:9
`
M


ﬂ

]SLOHbF]cbFLOEbtLONPH#LﬃIGAHbcNPHZ-NMLOfcKPNMDFE#L`¬-Z-H-I$bcNMGAHw#WXLOKMDFE#L7]cNMDFEiaKM]S¬#GAKPYL[-LOf22NM]cI$fFLObcNM]cNMLOfcZ-H-Y`h=NPb2[-LOf2¬-fFLpj
§Z#LOH-k 1



WNML^[-LOfcE#GAKPbv

]tI;aH-HiUGAKPYLOH#[-LOf <
Z#]uah=h`LOH-E
aH-Y?k^WNM]FDFE#LOH|[-LOfx¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLOH
[-LOfIGAHbcNPHZ-NMLOfcKPNMDFE#LOHZ-H#[R[3NM]cI$fFLObcNM]cNMLOfcbFLOH?¬-Z-H-I$bcNMGAHRYLpU+Z-H#[-LOHRWXLOfF[-LOH 
 

	<

C
#
B
1
a
AB

C
#
4

	 #7

-
 
)

	
   	
 ]


  ](
 % %
  
' !d$
  ﬀ
ﬃ

 4

	 #

)

#D^GAhV


)


h=NPbD^GAhV


)

 

C
#
B
1
a
AB

C
#
7

-
 
)

	

C  	<    	 XD^GAhV^ )

#  	


)


C
#
B
1
a
AB

C
#


 -
 
)


ﬂ
^ ?#v Ł:`
2NML^]FLoTLOfcNMG$[3NM]FDFE#LR¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFL(LOHbF]cT-fcNMDFEbr[-LOf`¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLOH¨[-LOf`IGAHbcNPHZ-NMLOfcKPNzj
DFE#LOH/¬-Z-H-I$bcNMGAHwWXLOKMDFE#L¦cL^[-G$DFE=h=NPbLONPH#LOfQxah=hj!¬-Z-H-I$bcNMGAH/YLpUqaKPbFLObWZ-fF[-L;v9]cb)HZ-H/[3NML¬#GAZ-fcNMLOfcbcfuaH#]j
UGAfch=NMLOfcbFLVL^]FDFE-fudH-I$b
]FG/[#a]cNMDFE([3NMLxLONPH-kLOKPH#LOHﬂCTLOI$bcfFLOH([3Z-fFDFEi[3NML¬
aKPbcZ-H-YH-NMDFEb2-VLOfF]FDFE-H#LONM[-LOH
^,m$Y;KqvnSV-Vwv?#v Ł:`pNM]cb/[#aA]`Z-fF]cT-fc-H-Y;KPNMDFE#LCTLOI$bcfcZ-h mGAH 4

	7fFLOIGAH#]cbcfcZ-NMLOfcV
afvX2NML^]FL^]`NM]cb/[-LOf/¬
aKPK
^,mGAKPKM]cbudH#[3NPYL/nSV-buaA]cbcZ-H-Y1`p5WXLOH-HU+-f
9

9
1
#


ILONPH#L

LONPbcfudYL=mGAH    	2h`LOE-fxLp«3NM]cbcNMLOfFLOHwvw2NML
I$fcNPbcNM]FDFE#L¬-fFL^§Z#LOH-k 1
#


WNPfF[ S3§Z-NM]cbU+fFL^§Z#LOH-k 

	
YLOH
aH-Hbv

]NM]cbKMLONMDFEb2LOfF]cNMDFEbcKPNMDFEw[#a`[#aA]2CTLOI$bcfcZ-h [-LOfIGAHbcNPHZ-NMLOfcKPNMDFE#LOH¬-Z-H-I$bcNMGAH(aZ#][-LOh CTLOI$bcfcZ-h¢[-LOf
nSV-buaA]cb!WXLOfcbFLxLOfcE
aKPbFLOHoWXLOfF[-LOHoI;aH-Hw$WXLOH-Hoh/aHo[3NML^]FL^]eh=NPbLONPH#LOh¯NM[-LaKMLOHLeNMLpU+T
a E}hZ-KPbcNPT-KPNPk^NMLOfcbv
k
S (k)
k
SA(k)
kNyq-kNyq
H
nSV-V-NPKM[3Z-H-Y ?#v Ł >SZ
aKPNPbuabcNPmLxﬃafF]cbFLOKPKPZ-H-Y/[-L^]IGAHbcNPHZ-NMLOfcKPNMDFE#LOH ^+GAVLOH?`Z-H#[R[3NM]cI$fFLObFLOH^,Z-HbFLOH?`CTLOIj
bcfcZ-h`]S]FGWNMLx[-L^] LeNMLpU+T
aA]F]FL^]NPh V
aH#[3VL^]FDFE-fudH-I$bFLOH(¬
aKPK
g?NPbts2KMLONMDFEZ-H-YS?#v Ł=LOfcE
dKPbh/aH
+   	< )

#fFL^DOb


2# 

	



+T

	 ¨]cNPH#D

!#

)


&
Z-h ?[-L^]eIGAHbcNPHZ-NMLOfcKPNMDFE#LOH¬
aKPKM][3Z-fFDFE +   	 # C  	k^ZrfFLOIGAH#]cbcfcZ-NMLOfFLOHwv#ﬃa[3NMLtg?Z-KPbcNPT-KPNPI;abcNMGAHRmGAH
k^WXLON¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLOHJNPh ¬-fFL^§Z#LOH-k^fuaZ-h dA§Z-NPm;aKMLOHbk^Z LONPH#LOf=¬
aKPbcZ-H-Yﬂ[-LOf¬-Z-H-I$bcNMGAH#LOH NM]cb
Y;NPKPbNPh

NPKM[3fuaZ-h 
4

	E  

	 X]cNPH#D

!#

)




I
a
AB

I
 
 
)

	 #]cNPH#D

!#

-
 
)

)


ﬂ
^ ?#v ?1`
2Z-fFDFE°[3NMLSL^DFE#LOHmGAfF]FDFE-fcNzU+b ?#v ?¨Kd;b]cNMDFE~HZ-H~[3NML¬-Z-H-I$bcNMGAH&U^« `ok^Z\cL^[-LOh VLOKPNMLOV-NPYLOH~_¦Z-H-I$b


W
-
@
 A #K)

ﬂ ﬂ ﬂ

@
 A -	 #K)

XaZ#]S[-LOH(nSV-buaA]cb!WXLOfcbFLOH |LOfcfFL^DFE-H#LOH
[-LOf <
WNM]FDFE#LOH-Y;NPbcbFLOfcT-Z-H-I$b
NM]cbSh=NPb2[-LOfSHZ-H(mLOfU+-Y;V
afFLOH(IGAHbcNPHZ-NMLOfcKPNMDFE#LOH|!H3UGAfch/abcNMGAH?NPH?VL^]cbch`lAY;KPNMDFE#LOf2¥ﬂLONM]FLxVL^]cbcNPh=hbv2NML
¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFL=[-LOf2]cNPH#Dpj!¬-Z-H-I$bcNMGAHiNM]cbSLONPHiSL^DFEbFL^DFIvﬃaA]ﬃCTLOI$bcfcZ-h [-L^]2GAT-bcNPh/aKMLOHi!HbFLOfcTGj
KabcNMGAH#]cILOfcH#]=NM]cb=aKM]FG-WNMLGAVLOH ]FDFE#GAHJaH-YL^[-LOZ-bFLOb¦LONPH#LrSL^DFEbFL^DFIU+Z-H-I$bcNMGAHwv¦ﬃa?[3NMLr]cNPH#Dpj!¬-Z-H-I$bcNMGAH
 ]  ] "#
$ﬁﬁ:$   
2
1
0
1
abgeschnittene sinc-Funktion
mit Hanningfenster multiplizierte sinc-Funktion
Ortsraumachse
0
0.05
0.1
0.15
0.2
Spektrum der abgeschnittenen sinc-Funktion
Spektrum der mit einem Hanningfenster multiplizierten sinc-Funktion
Spektrum des optimalen Kerns
Frequenzraumachse
1 10 5
1 10 4
0.001
0.01
0.1
1
Spektrum der abgeschnittenen sinc-Funktion - halblogarithmisch
Spektrum der mit einem Hanningfenster multiplizierte sinc-Funktion - halblogarithmisch
Spektrum des optimalen Kerns - halblogarithmisch
Frequenzraumachse
nSV-V-NPKM[3Z-H-Y ?#v ? ¦!HbFLOfcTGAKabcNMGAH#]cILOfcHU+-f=[3NMLr]cNPH#Dpj!!HbFLOfcTGAKabcNMGAHJ[-LOf
8A@
s2NPbcbFLOfcT-Z-H-I$bFLrk^Z(cL^[-LOf/C$LONzj
bFLrVLOfc#DFI3]cNMDFEbcNPY;bv
U
h
ﬂ
VLOfF]FDFEWNPH-YLOf/k^ZJmLOfch`LONM[-LOHwhZ-|[-LOf/QﬃLOfcHJh=NPb`LONPH#LOh EtaH-H-NPH-YAULOH#]cbFLOf
VLOY;fFLOH-k^b7WXLOfF[-LOH Z-H#[[#afUSH-NMDFEb`LONPH3UqaADFEJaV-YL^]FDFE-H-NPbcbFLOH WXLOfF[-LOHwv¦2NMLoCTLOI$bcfFLOHmLOfF[-LOZ-bcKPNMDFE#LOH[3NML
nSVWXLONMDFEZ-H-YLOHik^Z-h NM[-LaKMLOH?QﬃLOfcHwv
h=NPb  

aV3UqdKPKPb
I;aH-H(k^Z-f

L^]FDFE-KMLOZ-H-NPY;Z-H-YR[-LOftSL^DFE-HZ-H-YR[-LOf

NPH3#Z-o[-L^]2]cNPH#D7GAVLOfcE
aKPVLONPH#LOf2YLpj
WNM]F]FLOH s2fFLOH-kLaKM]Z-HWXL^]FLOHbcKPNMDFE\aH-YLOH#GAh=h`LOHWXLOfF[-LOHwv2NML/!HbFLOfcTGAKabcNMGAHKdZ3U+bHZ-H]FG(aVw[#aRj
WNMLaZ#DFE(VLON[-LOHi!HbFLOfcTGAKabcNMGAH#LOHk^Z-mGAfSj[3NML]cNPH#Dpj!¬-Z-H-I$bcNMGAHih=NPbt[-LOHi!HbFLOH#]cNPbudbFLOHﬂaHi[-LOHﬂs2NPbcbFLOfj
T-Z-H-I$bFLOHiYLpUqaKPbFLObtWNPfF[5v
ﬂ
V-KPNMDFE#LOfcWXLONM]FLWXLOfF[-LOHVLON¦[3NML^]FLOft!HbFLOfcTGAKabcNMGAH|Ł/V-NM] BtaADFEV
afcT-Z-H-I$bFL=k^Z
cL^[-LOfC$LONPbFL[-L^] <
WNM]FDFE#LOH-Y;NPbcbFLOfcT-Z-H-I$bFL^]VLOfc#DFI3]cNMDFEbcNPY;b ^+]cNMLOE#L Q ¬)S >CB;aS9`pv5ﬃa`U+-ft[3NML=[3fFLONM[3NPh`LOH#]cNMGj
H
aKML=!HbFLOfcTGAKabcNMGAHﬂVLON
8A@
_¦Z-H-I$bFLOH|]FDFE#GAHJ^  ^;;?_¦Z-H-I$bFLVLOfc#DFI3]cNMDFEbcNPY;bWXLOfF[-LOHﬂh#]F]FLOHw5NM]cb
[3NML^]FLr!HbFLOfcTGAKabcNMGAH]FLOE-fKaH-Y]uahRv

LONXUg(Sqj!ﬃabFLOH#]udbckLOH LOHbF]cbFLOE#LOH VLONeY;fFlALOfFLOHJQﬃLOfcH#LOHJKMLONMDFEb
SL^DFE#LOH-kLONPbFLOH?mGAHiCbcZ-H#[-LOHW^+]cNMLOE#L Q Q NOW >C>ﬂS9`pv-QﬃLOfcH-Y;fFlALOHi[-LOZ-bcKPNMDFE(GAVLOfcE
aKPV?mGAH
8A@
_¦Z-H-I$bFLOH?]cNPH#[
[-L^]cWXLOYLOH?]FLOKPV#]cbU+-f¬#GAfF]FDFEZ-H-Y]ck^WXL^DFIL7H-NMDFEbSmLOfcWXLOH#[3V
afv

LObcfuaADFEbFLOb2h/aH([-LOH?!HbFLOfcTGAKabcNMGAH#]cILOfcHiZ-H#[R[#aA]tCTLOI$bcfcZ-h¢NPH?nSV-V-NPKM[3Z-H-YS?#v ?#
]FGUqaKPKMLOH?[3NML
ﬂ
VLOfj
]FDFEWNPH-YLOfVLON3[-LOfaV-YL^]FDFE-H-NPbcbFLOH#LOH/]cNPH#Dpj!¬-Z-H-I$bcNMGAHaZ3Ucv2NML^]FLXIlAH-H#LOHwAWNMLeNPH=[-LOf¦nSV-V-NPKM[3Z-H-YﬃYLOkLONPY;b
[3Z-fFDFE[3NML7g?Z-KPbcNPT-KPNPI;abcNMGAHLONPH#L^] EtaH-H-NPH-YAULOH#]cbFLOfF]2h=NPbt[-LOfﬃ]cNPH#Dpj!¬-Z-H-I$bcNMGAH]cbuafcIomLOfch=NPH#[-LOfcbﬃWXLOfF[-LOHwv
2NMLxg?Z-KPbcNPT-KPNPI;abcNMGAH(NPhWSfcbF]cfuaZ-h VL^[-LOZ-bFLOb2LONPH#L LeNMLpU+T
aAy#KPbFLOfcZ-H-YrNPh

$j!2aZ-hR#]FG/[#a[3NMLxE#G$DFE3U+fFLpj
§Z#LOHbFLOH
ﬂ
VLOfF]FDFEWNPH-YLOf2NPh CTLOI$bcfcZ-h¢Z-HbFLOfF[3fc#DFI$b2WXLOfF[-LOHwv2NML^]E
ab2[-LOH taADFEbFLONPKq[#a[3NMLaV3UqaKzj
KMLOH#[-L¬KaH-ILNPh CTLOI$bcfcZ-h aHrCbFLONPKPE#LONPbmLOfcKPNMLOfcbvﬃaA[3Z-fFDFE/WNPfF[/aZ#DFE/[3NML]FDFEWeaADFE#LFLeNMLpU+T
aAy#KPbFLOfcZ-H-Y
[-LOfﬃabFLOH[3Z-fFDFE [3NMLr]cNPH#Dpj!!HbFLOfcTGAKabcNMGAHmLOfF]cbudfcI$bv)tLOf7{LOfcY;KMLONMDFEh=NPb=[-LOf7KPNPH#LafFLOH !HbFLOfcTGAKabcNMGAH
kLONPY;b[#aﬃE-NMLOfXaKPKMLOfF[3NPH-Y]LOfcE#LOV-KPNMDFE/VL^]F]FLOfFL

fcYLOV-H-NM]F]FLLOfck^NMLOKPbWXLOfF[-LOH/IlAH-H#LOH ^,m$Y;Kqv;nSV#]FDFE-H-NPbcb?#v ;3v ?
Z-H#[onSV-V-NPKM[3Z-H-YS?#v B:`pv
   	
 ]


  ](
 % %
  
' !d$
  ﬀ
ﬃ

ﬂP ﬀP !    0 %*S  *Pﬁ	#C ,/_ 	ﬃ!0 #& 	ﬁ( "ﬁ
nSKPKMLSV-NM]cE#LOfXmGAfcYL^]cbFLOKPKPbFLOHo!HbFLOfcTGAKabcNMGAH#]cmLOfUqaE-fFLOHrU+-E-fFLOHrLONPH#LYWSfcbF]cfuaZ-hUqaKPbcZ-H-Y`aZ#]v

]WedfFLt]cNPH-H3j
mGAKPKq$[3NML^]FL WSfcbF]cfuaZ-hUqaKPbcZ-H-Yk^ZrLOfF]FLObckLOH/Z-H#[raKM]Xg?Z-KPbcNPT-KPNPI;abcNMGAHNPh

j!2aZ-h [3Z-fFDFE-k^Z3U+-E-fFLOHwv-nSKPKPYLpj
h`LONPH(bcfcNPbcb2VLONLONPH#LOh !HbFLOfcTGAKabcNMGAH#]cT-fFGAV-KMLOh [3NML=C$DFEWNMLOfcNPY;ILONPbaZ3Uc[#a[3NMLﬀ<
WNM]FDFE#LOH-Y;NPbcbFLOfcT-Z-H-I$bFL
H-NMDFEbcNM[-LOHbcNM]FDFE#L(nSV#]cbudH#[-Lrk^ZNPE-fFLOHﬁtaADFEV
afcHJE
aVLOHwv¦!h stLOYLOH#]uabckrk^ZJLONPH#LOfmlAKPKPNPY|aKPKPYLOh`LONPH#LOH
!HbFLOfcTGAKabcNMGAH?]cNPH#[o[3NML <
WNM]FDFE#LOH-Y;NPbcbFLOfcT-Z-H-I$bFLxVLON5LONPH#LOfSGAbuabcNMGAHoZ-H#[LwfuaH#]cKabcNMGAHRh=NPbLONPH#LOf2C3]cbFLpj
h/abcNPIrTG;]cNPbcNMGAH-NMLOfcbv#2NML^]Kd;bS]cNMDFE(aZ#]cHZ-bckLOHwv
tLOH\LONPH3UqaADFE#]cbFLOH\¬
aKPK2]cbFLOKPKPb/[3NMLLwfuaH#]cKabcNMGAH¨[#afv(ESNMLOf/]cNPH#[J[3NML?_G;]cNPbcNMGAH#LOH}aKPKMLOf<
WNM]FDFE#LOH-Y;NPbcbFLOfj
T-Z-H-I$bFL/k^Z|NPE-fFLOH|H
dADFE#]cbFLOH taADFEV
afcHNM[-LOHbcNM]FDFEwv)ﬃaoLONPH#L LwfuaH#]cKabcNMGAHNPh WSfcbF]cfuaZ-hNM[-LOHbcNM]FDFEh=NPb
LONPH#LOfM<
Z#]uabck^T-E
aA]FL2NPh

$j!2aZ-h NM]cbe^+nSV#]FDFE-H-NPbcb ?#v
8
v
8
`p$I;aH-Hh/aHo[3NMLFLwfuaH#]cKabcNMGAHoNPh

$j!2aZ-h [3Z-fFDFE
[3NML7g?Z-KPbcNPT-KPNPI;abcNMGAH[-LOf2¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLOHﬂh=NPbtLONPH#LOf LwfuaH#]cKabcNMGAH#]cT-E
aA]FL=aZ#]F[3fc#DFILOHwv¬-ftLONPH#L
VLOKPNMLOV-NPYL LwfuaH#]cKabcNMGAH?Z-h [-LOHR{LOI$bFGAf

JUGAKPY;b[3Z-fFDFE(LONPH3UqaADFE#L^]

NPH#]FLObckLOH 
4


	E

@

a

M
 

P	 #!F
B
#:9
`

M 

 

C

^ ?#v B:`
4


@

J\	E

@

a

M
 

P	 #!F
B
#:9
`

M 

 

C

#!F
B
#:9
`

M 




C

ﬂ
^ ?#v D:`
¬-f?[3NML!HbFLOfcTGAKabcNMGAH­hZ-\aKM]FGHZ-f?[3NML¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFL[-L^]

NPKM[-L^]oT-Z-H-I$b!WXLONM]FLh=NPb?[-LOf
LwfuaH#]cKabcNMGAH#]cT-E
aA]FLﬂhZ-KPbcNPT-KPNPk^NMLOfcbRWXLOfF[-LOHwv2Z-fFDFE­LONPH#LiNPHmLOfF]FL¬#GAZ-fcNMLOfcbcfuaH#]UGAfch/abcNMGAH&LOfcE
dKPboh/aH
[#aA]mLOfF]FDFE#GAVLOH#L

NPKM[ ^+¬#GAZ-fcNMLOfjCE-NzU+bjﬂLeE#L^GAfFLOh `pv-!HbFLOfFL^]F]uaHbaH[3NML^]FLOfX!HbFLOfcTGAKabcNMGAH#]cbFL^DFE-H-NPI/NM]cbX[3NML
LabF]uaADFE#L;X[#aﬂ[#aA]`LONPYLOHbcKPNMDFE#L(_¦fFGAV-KMLOh©[-LOf`!HbFLOfcTGAKabcNMGAHNPh ¬
aKPKmGAHJLwfuaH#]cKabcNMGAH#LOH¨]FGAk^Z#]uaYLOH
Z-h=YaH-YLOH?WNPfF[5#[#ah=NPbcbFLOKM]ts2KMLONMDFEZ-H-YS?#v B=LONPH#LxLp«#aI$bFL Nwl;]cZ-H-Y`VLOfFL^DFE-H#LObSWXLOfF[-LOH?I;aH-Hwv
WSVWXGAE-K[-LOfemGAfcYL^]cbFLOKPKPbFLx_¦fFGAkLO/[-LOf¬#GAZ-fcNMLOfj!!HbFLOfcTGAKabcNMGAHaZ3U+WXLOH#[3NPY/LOfF]FDFE#LONPHbZ-H#[r[3NMLﬃ!HbFLOfcTGAKaj
bcNMGAHiaZ3ULONPH#LOH?NPH#[3NPfFLOI$bFLOH(¥ﬂLOY/fFLaKPNM]cNMLOfcb#NM]cb2[#aA]

fcYLOV-H-NM]2mLOfcY;KPNMDFE#LOH(h=NPb2LONPH#LOf2]cNPH#Dpj!!HbFLOfcTGAKabcNMGAH
]FDFE-H#LOKPK¦VLOfFL^DFE#LOHV
afvw2NML^]tNM]cbt[#afuaZ3UXk^Z-fc#DFI$k^Z3U+-E-fFLOHww[#ao[3NM]cI$fFLObFL¬#GAZ-fcNMLOfcbcfuaH#]UGAfch/abcNMGAH#LOH]FLOE-f
Lp±`k^NMLOHb2[3Z-fFDFE([-LOHRnSKPYGAfcNPbcE-hZ#]2[-LOf¬
aA]cbS¬#GAZ-fcNMLOfMLwfuaH#]UGAfch/abcNMGAHW^+¬)¬ L 
-]cNMLOE#L Q

S 9 ?VS! Q C L

>P?S9`
VLOfFL^DFE-H#LOb`WXLOfF[-LOHJIlAH-H#LOHwv OLH
aADFEJmLOfcWXLOH#[-LObFLOfrs2fFlALo[-LOf=ﬃabFLOH#]udbckLrZ-H#[ [-LOf=QﬃLOfcH-Y;fFlALR[-LOf
]cNPH#Dpj!!HbFLOfcTGAKabcNMGAHﬂNM]cbﬃLONPH#L ;
@
j
8A@C@
h/aK¦]FDFE-H#LOKPKMLOfFL

LOfFL^DFE-HZ-H-Y?[3Z-fFDFEﬂ[3NML=¬#GAZ-fcNMLOfj!!HbFLOfcTGAKabcNMGAH|k^Z
LOfcWeafcbFLOHwv
U
h¯[#aA]e{LOfUqaE-fFLOHR[-LOf¬#GAZ-fcNMLOfj!!HbFLOfcTGAKabcNMGAHiaZ3U)SGAbuabcNMGAH#LOHok^ZoLOfcWXLONPbFLOfcHw#]cNPH#[mLOfF]FDFE-NML^[-LOH#Lﬃ{LOfj
UqaE-fFLOH?mGAfcYL^]FDFE-KaYLOH(WXGAfF[-LOHX^Q

t >CDVS! Q  W >&9(S! Q  W >C>VS9`pv
!h UGAKPYLOH#[-LOH?WXLOfF[-LOHi[3NMLxnSKPYGAfcNPbcE3j
h`LOHo[#afcYL^]cbFLOKPKPb3WXLOKMDFE#Lﬃ[-LOHrYLOfcNPH-Y]cbFLOHoSL^DFE#LOH
aZ3U+WeaH#[oLOfUGAfF[-LOfcHoZ-H#[[#ah=NPbXU+-feLONPH#L

DFEbckLONPbuaH3j
WXLOH#[3Z-H-Yi[-LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f7VL^]FGAH#[-LOfF]xYL^LONPY;H#LOb7LOfF]FDFE#LONPH#LOH
LONPH#L/ﬃafF]cbFLOKPKPZ-H-Y([-LOf7aH#[-LOfFLOH
{LOfUqaE-fFLOH?I;aH-HoNPH?[-LOHXWSfcY;NPH
aKafcVLONPbFLOHi]FGWNMLﬃNPH Q L E

>C:VSYLpU+Z-H#[-LOHRWXLOfF[-LOHwv

NPH#LX]FLOE-fL

LOI$bcNPmL

fcWXLONPbFLOfcZ-H-Yﬃ[-LOf)¬#GAZ-fcNMLOfj!!HbFLOfcTGAKabcNMGAH/aZ3U
SGAbuabcNMGAH#LOH7NM]cbH
aADFE

[-[3ﬃNPhﬀk^WXLONM[3Nzj
h`LOH#]cNMGAH
aKMLOHR¬
aKPKw[3Z-fFDFER[3NMLY<LOfcKMLOY;Z-H-Y`[-LOfSGAbuabcNMGAH#]ch/abcfcNz«NPHo[3fFLONC$DFE#LOfcZ-H-YLOHRh`lAY;KPNMDFE Q

t >CDVS 

  -  
   



 - 

#
 

#

 
  

#

 - 

#
 

ﬂ
^ ?#v 9`

NPH#LRC$DFE#LOfcZ-H-YiVLOWNPfcI$b7LONPH#L LwfuaH#]cKabcNMGAH [-LOf <LONPKMLOH[-L^]

NPKM[-L^]7LOHbcKaH-YLONPH#LOfQSG$GAfF[3NPH
abFLOH
aADFE#]FL;
WXGAVLON
[3NML LwfuaH#]cKabcNMGAHLOHbcKaH-Y7[-LOfXaH#[-LOfFLOH/nDFE#]FLkLONPKMLOHWXLONM]FL2aHWedADFE#]cbv$2NML LwfuaH#]cKabcNMGAH#LOH/IlAH-H#LOH
[3Z-fFDFE`kLONPKMLOHWXLONM]FL^]nSHWXLOH#[-LOH/[-L^]¦LONPH#[3NPh`LOH#]cNMGAH
aKMLOH/¬#GAZ-fcNMLOfjCE-NzU+bjﬂLeE#L^GAfFLOh`]X[3Z-fFDFE-YLpU+-E-fcb¦WXLOfF[-LOHwv
C$GAh=NPbﬃI;aH-Hi[3NMLSGAbuabcNMGAHﬂaZ#DFEih=NPb ESNPKzUL7[-L^]t¬#GAZ-fcNMLOfjCE-NzU+bjﬂLeE#L^GAfFLOh`]7[3Z-fFDFE-YLpU+-E-fcbﬃWXLOfF[-LOHwv

NPH#L
k^Z#]udbck^KPNMDFE#LYLwfuaH#]cKabcNMGAHoI;aH-Hr[3Z-fFDFERg?Z-KPbcNPT-KPNPI;abcNMGAHRLONPH#LOf LwfuaH#]cKabcNMGAH#]cT-E
aA]FLtVLON[-LOfSC$DFE#LOfcZ-H-Y`LOHbj
KaH-Y([-LOfxj!nDFE#]FL`Z-H#[ﬂLONPH#LOf[-LOf=C$DFE#LOfcZ-H-YLOHLOHbcKaH-Y([-LOfﬃ«$j!nDFE#]FL/GAE-H#L <
Z#]uabckaZ3U+WeaH#[|fFLaKPNM]cNMLOfcb
WXLOfF[-LOHwv3tLOfenSKPYGAfcNPbcE-hZ#]ehZ-7NPH#]cYL^]uahbaZ3ULONPH

NPKM[ Dx¬#GAZ-fcNMLOfcbcfuaH#]UGAfch/abcNMGAH#LOH(aHWXLOH#[-LOH^,k^WXLON
¬)¬ L]T-fFGC$DFE#LOfcZ-H-Y1`eZ-H#[cL^[-Lﬃ¬#GAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLh=NPbS_¦E
aA]FLOH3UqaI$bFGAfFLOH?hZ-KPbcNPT-KPNPk^NMLOfFLOHwv
 ]  ] "#
$ﬁﬁ:$
 
 
tLOf)nSKPYGAfcNPbcE-hZ#])I;aH-H=aZ3U[3fFLON32NPh`LOH#]cNMGAH#LOH=LOfcWXLONPbFLOfcb¦WXLOfF[-LOHwNPH#[-LOh~[3NMLIGAh=T-KMLObcbFLeSGAbuabcNMGAH#]ch/aj
bcfcNz«/NPHk^WXLONM[3NPh`LOH#]cNMGAH
aKMLxSGAbuabcNMGAH#LOHrZ-h [3NMLt[3fFLONQSG$GAfF[3NPH
abFLOH
aADFE#]FLOHRkLOfcKMLOY;beWNPfF[5v3tLOfﬃabFLOH#]uabck
I;aH-H`[#aH-H]cZ-I$kL^]F]cNPmLeh=NPb[-LOh GAV-NPYLOH/nSKPYGAfcNPbcE-hZ#]VLafcVLONPbFLObWXLOfF[-LOH
L^]]cNPH#[=NPH#]cYL^]uahb
8
:ﬃ¬)¬ L]
H#GAb!WXLOH#[3NPY#-Z-h [3NMLﬃŁ=C$DFE#LOfcZ-H-YLOHRT-fFG=QSGAfcfF[3NPH
abFLOH
aADFE#]FLxk^ZrfFLaKPNM]cNMLOfFLOHwv taADFEbFLONPKPNPY`VLON5[3NML^]FLOh¯{LOfj
UqaE-fFLOH(NM]cbt[3NML

L^]FDFE-fudH-I$Z-H-Y?aZ3UNM]FGAbcfFGATL{G^«-LOKqv

LON)g(j
U
HbFLOfF]cZ#DFEZ-H-YLOHaKPKPYLOh`LONPH(jaVLOfﬃaZ#DFE
NPH#]cVL^]FGAH#[-LOfFL`VLONX[-LOfxUg(SSj2NM]cbL^]-V-KPNMDFEwg(LO;T
afuah`LObFLOfk^Z|WedE-KMLOHwVLONX[-LOH#LOH[3NML/{G^«-LOKPY;fFlAL
NPH(nSZ#]cKML^]FLpje]FGWNML7_¦E
aA]FLOH-IG$[3NMLOfcfcNMDFEbcZ-H-YRZ-H-Y;KMLONMDFE[-LOfﬃC$DFE-NMDFEbF[3NMDFIL`NM]cbv

LObcfuaADFEbFLObth/aHi[3NML{G^«-LOK
NM[-LaKPNM]cNMLOfcbxaKM] SZ
aA[-LOf]FG/NM]cbt[#aA]tGAVLOHaH-YLOYLOVLOH#L7{LOfUqaE-fFLOHﬂaZ3UX[-LOH]FLOKPbFLOH#LOH¬
aKPK)mGAH(¥\-fULOKPH
VL^]FDFE-fudH-I$bv

LObcfuaADFEbFLObh/aHiH
dh=KPNMDFE|LONPH#LSGAbuabcNMGAHiVLONM]cT-NMLOKM]cWXLONM]FLZ-h[3NML=_¦E
aA]FLOH-IG$[3NMLOfcfcNMDFEbcZ-H-Y
NPh ¬
aKPKMLrLONPH#L^]§Z
aA[-LOfUlAfch=NPYLOH{G^«-LOKM])]FGRVLOWXLOYLOH ]cNMDFE [3NML/{G^«-LOKeNPhNM]FGAbcfFGATLOHﬃabFLOH-fuaZ-haZ3U
LOKPKPNPT-bcNM]FDFE#LOH

aE-H#LOHRZ-h¢[3NMLﬃSGAbuabcNMGAH#]uaADFE#]FL;v
U
h&aKM]FGS[#aA]C$DFE#LOfcZ-H-Y]cmLOfUqaE-fFLOH=WNMLNPH[-LOf N5NPbFLOfuabcZ-f)VL^]FDFE-fcNMLOVLOHwAaKPKPYLOh`LONPH`aHWXLOH#[-LOH=k^ZIlAH-H#LOHw
NM]cbk^Z-H
dADFE#]cbRLONPH#Li!HbFLOfcTGAKabcNMGAH­[3Z-fFDFE-k^Z3U+-E-fFLOHwWXLOKMDFE#L[3NML(YLOh`L^]F]FLOH#LOH}ﬃabFLOH¨NPH}LONPH\NM]FGAbcfFGATL^]
s2NPbcbFLOf-VLOfU+-E-fcbv#2NML^]NM]cbSaZ3U+WXLOH#[3NPY/Z-H#[oLOfcE#lAEb2[-LOHiCTLONMDFE#LOfcVL^[#afUcv

NPH#LtnSV-E-NPKzULt]cbFLOKPKPb[3NMLxaKPKPYLOh`LONPH#LOfFL <LOfcKMLOY;Z-H-YU+-f[-LOHo[3fFLONM[3NPh`LOH#]cNMGAH
aKMLOH?¬
aKPK5mGAH XG^«o[#af ^+]cNMLOE#L
Q  W >C>VS9`pvgiaH/I;aH-H/VLOWXLONM]FLOHw$[#a]cNMDFE`j¦aZ#DFE/U+-fX[-LOHr¬
aKPKLONPH#LOfH-NMDFEbeNM]FGAbcfFGATLOHnSV-buaA]cbcZ-H-Yj)[3NML
LwfuaH#]UGAfch/abcNMGAH#]ch/abcfcNz«?[3Z-fFDFEC$DFE#LOfcZ-H-YLOH([-LOfUGAKPYLOH#[-LOH?¬#GAfch [#afF]cbFLOKPKMLOHRKd;b 
 
1
 $
1
& 
1
	<

 $
1
 
1
  
  
ﬀ
 
#
 $
#
& 
#
	 

  
$
#
 
#
  
ﬀ
 

 $

& 

	 

  
  
$

 

ﬀ
ﬂ
2NML^]FLﬂC$DFE#LOfcZ-H-YLOH1IlAH-H#LOH­WNML^[-LOfRh=NPb ESNPKzULi[-L^]R¬#GAZ-fcNMLOfjCE-NzU+bjﬂLeE#L^GAfFLOh`](fFLaKPNM]cNMLOfcbRWXLOfF[-LOHwWNML
UGAKPYLOH#[-L^]

LONM]cT-NMLOKaH-E
aH#[  
1
[-LOh`GAH#]cbcfcNMLOfcb 
 
1
 $
1
& 
1
	 #




ﬀ



@ $
1
#ﬁ@ 
1
#


ﬀ
ﬂ
¬#GAKPY;KPNMDFE/WXLOfF[-LOH[3Z-fFDFE  
1
aKPKML_¦Z-H-I$bFLNPH«$j!NMDFEbcZ-H-YZ-h $
1
#  @ 
1
# xmLOfF]FDFE#GAVLOHwv¥\NMLNPHcQ  W >C>VS
VLOWNML^]FLOHWNPfF[5NM]cbL^]h`lAY;KPNMDFE7U+-f[3NMLVLObcfuaADFEbFLObFLOH`¬¦dKPKMLXLONPH#L <LOfcKMLOY;Z-H-Yt[-LOf LwfuaH#]UGAfch/abcNMGAH#]ch/abcfcNz«
n1NPH   `>#  L# 
M
#  `h=NPbH &
 
& 


ﬂ4ﬂ4ﬂ
k^Zry#H#[-LOHwv
NwLONM[-LOf`[3NPmLOfcY;NMLOfcb`[3NML Nwl;]cZ-H-YLOH NPH h/aH#DFE#LOHJ¬¦dKPKMLOHw¦]FG([#aﬂL^]LOfUGAfF[-LOfcKPNMDFEJNM]cb)[3NMLr_LOfchZ-buabcNMGAH
mGAH   ` #   ﬁ#  
M
#   `Sk^Zy#H#[-LOHw¦VLON[-LOf`[3NMLo_)afuah`LObFLOf $
` 
M
& 
` 
M
h=NPH-NPh/aK]cNPH#[5v¦2NMLo2NPmLOfcYLOH-k
[-LOfX_)afuah`LObFLOf[-LOZ-bFLObe[#afuaZ3UE-NPHw$[#a7VLON[3NML^]FLOh {LOfUqaE-fFLOHrSGAbuabcNMGAH#LOHNPHh/aH#DFE#LOHo¬¦dKPKMLOHr[3Z-fFDFE
mLOfcE
dKPbcH-NM]ch/d;NPY`Y;fFGAL LwfuaH#]cKabcNMGAH#LOH]^,NPh¯{LOfcY;KMLONMDFERk^Z-h {LOfUqaE-fFLOHomGAH

[-[3A`X[#afcYL^]cbFLOKPKPbWXLOfF[-LOH
h#]F]FLOHwv!h WXLONPbFLOfFLOHr{LOfcKaZ3U[-LOfenSfcVLONPbWNPfF[`YLOkLONPY;b$[#a[3NMLts2fFlAL2[-LOf LwfuaH#]cKabcNMGAH#LOHo[3NMLtCbudfcIL
[-LOfr!HbFLOfcTGAKabcNMGAH#]uafcbFLpUqaI$bFLiVL^[3NPH-Y;be]FG|[#a [#aA][3fFLONM[3NPh`LOH#]cNMGAH
aKML{LOfUqaE-fFLOH¨mGAH XG^«H-NMDFEboNPH
cL^[-LOh ¬
aKPKGAT-bcNPh/aKLOfF]FDFE#LONPHbv
ﬂP ﬀP  ﬀﬂﬁﬂU 0  ( , S ,&'	ﬃ! "  ﬃ 	ﬁ*Pﬁ	#C ,/_ 	ﬃ!0 #& 	ﬁ P ,&'2  ﬁP "ﬁ
SZ
aKPNPbuabcNPmiNM]cbﬃ[-LOfﬃ{GAfcbFLONPK[-L^]ﬃ¬#GAZ-fcNMLOf{LOfUqaE-fFLOH#]ﬃYLOYLOH-VLOfLONPH#LOfxKPNPH#LafFLOH|!HbFLOfcTGAKabcNMGAHaHﬂ[-LOH

fcYLOV-H-NM]cV-NPKM[-LOfcHh=NPb[-LOhªnSZ-YL`LOfcILOH-HV
afvnSV-V-NPKM[3Z-H-Y?#v BrkLONPY;b7[-LOHﬂ{LOfcY;KMLONMDFE|k^WNM]FDFE#LOH|KPNPH#LafFLOf
Z-H#[¬#GAZ-fcNMLOfj!!HbFLOfcTGAKabcNMGAHwv

]XNM]cbeLOm$NM[-LOHb-[#a[3NML2KPNPH#LafFLt!HbFLOfcTGAKabcNMGAHRLONPH#LFLeNMLpU+T
aAy#KPbFLOfcZ-H-Y`mLOfj
Z-fF]uaADFEbvA!h1kLOHbcfuaKMLOH

LOfFLONMDFEwZ-hﬀ[-LOH[3NML

NPKM[-LOfYL^[3fFLOEb)WZ-fF[-LOHwNM]cb[3NML^]FL¬NPKPbFLOfcZ-H-YtYLOfcNPH-YLOfWXLONPK
E-NMLOf¦[3NMLXZ-fF]cT-fc-H-Y;KPNMDFE#LOHrs2NPbcbFLOfcT-Z-H-I3]cTG;]cNPbcNMGAH#LOH`I;aZ-h&mLOfudH#[-LOfcb¦WZ-fF[-LOHwv;2NMLe¬#GAZ-fcNMLOfj!!HbFLOfcTGAKabcNMGAH
mLOfudH#[-LOfcb2[3NML

NPYLOH#]FDFE
aU+bFLOHi[-L^]

NPKM[-L^]H-NMDFEb2LOfcILOH-HV
afv

NPH#L]cNPH#Dpj!!HbFLOfcTGAKabcNMGAH?h=NPbSLONPH#LOfﬃs2fFlAL
[-L^]`¬
aKPbcZ-H-Y]cILOfcH\mGAH
8C8
KPNMLpULOfcb`VLONS[-LOZ-bcKPNMDFEKdH-YLOfFLOfSL^DFE#LOH-kLONPbrLONPHJk^Z-f/¬#GAZ-fcNMLOfj!!HbFLOfcTGAKabcNMGAH
mLOfcY;KMLONMDFEV
afFL^]

fcYLOV-H-NM]v
   	
 ]


  ](
 % %
  
' !d$
  ﬀ
ﬃ

Original Linear Fourier
nSV-V-NPKM[3Z-H-Y ?#v B {LOfcY;KMLONMDFE=LONPH#LOfKPNPH#LafFLOH7h=NPb)LONPH#LOf)¬#GAZ-fcNMLOfj!!HbFLOfcTGAKabcNMGAHwv <
Z-ftLOh`GAH#]cbcfuabcNMGAHWZ-fF[-L
[#aA] WSfcNPY;NPH
aK[3fFLONPh/aKZ-h¢2YL^[3fFLOEbv

 

-."%<B&);#"%-9( ! #"E"
/
8cEK-
032
7HG)-9(
F/
"4"%-
032
 #"+-."

&
2
-9(
U
h LONPH#LT-fFG;]cTLOI$bcNPmL

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fek^Z/fFLaKPNM]cNMLOfFLOHw$]cNPH#[=k^WXLON_¦fFGAV-KMLOh`LSk^Z/KMl;]FLOHwv <
Z-h LONPH#LOH
hZ-`LONPH#L

LOfFL^DFE-HZ-H-Y/]FGWNMLtnSH-T
aA]F]cZ-H-Y[-LOfSs2fuaA[3NMLOHbFLOH3jZ-H#[ E2G$DFE3U+fFL^§Z#LOH-k^T-Z-KM]FLt[-LOfg(LO]FL^§Z#LOH-k
NPH

DFEbckLONPb`h`lAY;KPNMDFE ]FLONPHwZ-h [-LOHk^Zh`L^]F]FLOH#[-LOHJC$DFE-NMDFEbcV-KMG$DFIh=NPb[-LOHstLOE-NPfcHVLOWXLOY;Z-H-YLOHJh=NPbj
U+-E-fFLOH(k^Z?IlAH-H#LOHwv2NML[#aU+-f2H#GAb!WXLOH#[3NPYL¬-Z-H-I$bcNMGAH
aKPNPbudb E2¬jZ-H#[s2fuaA[3NMLOHbFLOH-T-Z-KM]FL7WedE-fFLOH#[i[-LOf
g(L^]F]cZ-H-Y/k^Z?h`G$[3Nzy#k^NMLOfFLOHwNM]cbtaZ3U¦H#LOZ#LOfFLOH!H#[3Z#]cbcfcNMLOYLOfudbFLOH(mGAfcE
aH#[-LOHwv_¦fcNPH-k^NPT-NMLOKPKML`C$DFEWNMLOfcNPY;ILONzj
bFLOH VLOfFLONPbFLOb`[3NMLotLObFLOI$bcNMGAH[-LOf`aI$bcZ#LOKPKMLOH_G;]cNPbcNMGAH[-L^]/stLOE-NPfcH#]=NPHaKPKMLOH D(¬-fFLONPE#LONPbF]cY;fuaA[-LOH\LONPH#L^]
]cbuafcfFLOHiQSlAfcTLOfF]ST
afuaKPKMLOKk^Z-f2g(L^]F]cZ-H-Y##GAE-H#LKMLObck^bFLOfFLxk^Z(]cbFlAfFLOHwv#¥ﬂLONPbFLOfcE-NPH(NM]cb2L^]H#GAb!WXLOH#[3NPY#E#GAE#L
stLOH
aZ-NPY;ILONPbFLOH(NPHR[-LOfts2fFlALOH#GAfF[3HZ-H-YmGAHﬂ^;A£5ªk^ZRLOfcfFLONMDFE#LOHwv
ﬂP !ﬀPﬂ) - #C O#& 	ﬁ ﬃ 	ﬁ  01,2 ,.ﬁ S $# #C "ﬃ Y_(#&  %ﬁ/    ﬂU ,&  %( "ﬁ# 

LON[3NML^]FLOfts2fcZ-T-TLxmGAH(tLObFLOI$bcNMGAH#]cmLOfUqaE-fFLOH?WNPfF[RmLOfF]cZ#DFEb[3NML_G;]cNPbcNMGAH(mGAH(giafcILOfcH?k^ZRVL^]cbcNPhj
h`LOHw-WXLOKMDFE#LmGAfS[-LOfeUg(Sqj
U
HbFLOfF]cZ#DFEZ-H-Yrah¢_)abcNMLOHbFLOH-IGAT3UVLpUL^]cbcNPY;bWZ-fF[-LOHwv
QxaH-H?[3NMLx_G;]cNPbcNMGAH
mGAHR[3fFLON5giafcILOfcHoE-NPH-fFLONMDFE#LOH#[oYLOH
aZoVL^]cbcNPh=hbWXLOfF[-LOHw#]FGNM]cbL^]eh`lAY;KPNMDFEw-[3NML NaYLﬃ[-LOfemGAHrNPE-H#LOH
[-Lpy#H-NMLOfcbFLOH

VLOH#LﬃZ-H#[R]FGAh=NPbSLONPH#L^]]cbuafcfFLOH?QSlAfcTLOfF]k^ZRVL^]cbcNPh=h`LOHwv
{GAfcYL^]FDFE-KaYLOHﬂWZ-fF[-L7k^Z-hLONPH#LOHi[3NMLGAT-bcNM]FDFE#LtLObFLOI$bcNMGAHimGAHgiafcILOfcHwv

LONNPHbFLOfcmLOHbcNMGAH#LOKPKMLOHg(
U
HbFLOfF]cZ#DFEZ-H-YLOHoWXLOfF[-LOHk^Z-fX_G;]cNPbcNMGAH#]cVL^]cbcNPh=hZ-H-Y=[-LOfXgiafcILOfWedE-fFLOH#[[-LOfXg(L^]F]cZ-H-Y]cbFLOfFL^G;]cIGAT-Nzj
]FDFE#LQxah`LOfuaA]c3]cbFLOh`L=LONPH-YL^]FLObck^bv2NML^]FLLOfcfFLONMDFE#LOH|aKPKMLOfF[3NPH-Y]ﬃHZ-fstLOH
aZ-NPY;ILONPbFLOHmGAHiWXLOH-NPYLOHﬂg?NPKzj
KPNPh`LObFLOfcH ^+]cNMLOE#L Q < E2n >C>(S9`Z-H#[i]cNPH#[i[#ah=NPb2U+-fﬃ[3NML <
WXL^DFIL`[-LOf2Ug(SeZ-H-YL^LONPY;H#LObv

NPHﬂaKPbFLOfcH
abcNPmLOf
nSZ3U+V
aZ(VL^]cbFLOEbﬃaZ#]2[3fFLON EtaKPV-KMLONPbFLOfcKaA]FLOfcHwWXLOKMDFE#LSLp
LOI$bFGAfFLOH(VL^]cbcfuaE-KMLOHWQ

{t >C>(S!v2NMLxfFLp
LOI$bcNMLOfj
bFLOHCbcfuaE-KMLOHUqaKPKMLOH aZ3USE#G$DFE
aZ3
l;]FLOH#[-LEtaKPV-KMLONPbFLOfF[-LObFLOI$bFGAfFLOH k^Z-fc#DFI ^+]cNMLOE#LnSV-V-NPKM[3Z-H-Y ?#v D:`pv)2NML
SLp
LOI$bFGAfFLOH(]FLOKPV#]cbS]cNPH#[rWNMLLONPH?]FGAY#v#QxabckLOH
aZ-YL7aZ3U+YLOV
aZ-b
]FG`[#a/[3NML NaA]FLOfF]cbcfuaE-KMLOH?NPh=h`LOfST
afj
aKPKMLOKek^Z-f

NPH3UqaKPKM]cfcNMDFEbcZ-H-YﬂfFLp
LOI$bcNMLOfcbWXLOfF[-LOHwv¦g?NPb[3NML^]FLOh nSZ3U+V
aZI;aH-H[3NMLr_G;]cNPbcNMGAH [-LOf=giafcILOf
h=NPb7LONPH#LOfnSZ3
l;]cZ-H-YRmGAH^;A£5 VL^]cbcNPh=hbxWXLOfF[-LOHwv

NPH taADFEbFLONPKe[-L^]ﬃ{LOfUqaE-fFLOH#]xNM]cb[3NML=IGAh=T-KPNzj
k^NMLOfcbFLEtaH#[3E
aV-Z-H-Y#v <
Z-H
dADFE#]cb/h#]F]FLOH[3NMLRgiafcILOf`NPH YL^LONPY;H#LObFLOf/¥ﬂLONM]FL?ahQSGAT3Ux[-L^]`_)abcNMLOHbFLOH
VLpUL^]cbcNPY;bSWXLOfF[-LOHwv
¥ﬂLONPbFLOfcE-NPH(NM]cbSL^]SLOfUGAfF[-LOfcKPNMDFEw[3NML NaA]FLOfS]FG`k^Z=Z#]cbcNMLOfFLOHw
[#a[-LOfFLOHCbcfuaE-KMLOHaZ3U
[3NMLxSLp
LOI$bFGAfFLOHoUqaKPKMLOHwv
nSKPbFLOfcH
abcNPmk^Z-fGAT-bcNM]FDFE#LOHtLObFLOI$bcNMGAH`WZ-fF[-LSLONPH#L_G;]cNPbcNMGAH#]cVL^]cbcNPh=hZ-H-Y7mGAH/giafcILOfcH`h=NPbg(LObcE#G$[-LOH
[-LOfSg(¨mGAfcYL^]FDFE-KaYLOHW^Q

{t >&9(S!+Q 

F>C:(S9`pv-2NMLﬃgiafcILOfVL^]cbFLOE#LOHR[#aVLONaZ#]I$KMLONPH#LOHoWeaA]F]FLOfcYLpU+-KPKzj
bFLOHr_¦fFGAVLOH
$[3NML2SLOKa«#abcNMGAH#]ckLONPbFLOHWXLOfF[-LOHrh=NPb ESNPKzULmGAHrQtZ-T3ULOfF]cZ-KzUqabXfFLOKabcNPm=I$Z-fcktLONPH-YL^]cbFLOKPKPbv$2NML
_¦fFGAVLOHﬂ]cNPH#[ih=NPbtI$KMLONPH#LOHCT-Z-KMLOHZ-h=YLOVLOHww]FGr[#aoLONPHﬂg( CNPY;H
aK¦KMGAI;aKLOh=T3UqaH-YLOHWXLOfF[-LOHﬂI;aH-H
^+]cNMLOE#LM?#v 9`pv*OL^[-L2[-LOfe[3fFLON

h=T3UqaH-Y]F]cT-Z-KMLOHo[-LOfXgiafcILOfVLOH#lAbcNPY;beLONPH#LOHrLONPYLOH#LOH E2¬j

h=T3UqaH-Y]cI;aH
aK
ah LGAh`GAY;fuaT-E#LOHwv#{GAf[-LOfV-NPKM[3YLOVLOH#[-LOH?g(L^]F]cZ-H-YWNPfF[oLONPH#LtI$Z-fckL ta^m$NPYabcNMGAH#]ch`L^]F]cZ-H-Y`[3Z-fFDFE-YLpj
 ]   


  ](
 %ﬃ$' !
 ﬁ


ﬃd$
 Yﬀ
ﬃ

 
 
nSV-V-NPKM[3Z-H-Y ?#v D  WST-bcNM]FDFE#L2tLObFLOI$bcNMGAHr[-LOfXQSGAT3U+TG;]cNPbcNMGAHwv32fFLON EtaKPV-KMLONPbFLOfcKaA]FLOfXVL^]cbcfuaE-KMLOHrSLp
LOI$bFGAfFLOH
ahﬀ_)abcNMLOHbFLOH-IGAT3Ucv;2NMLfFLp
LOI$bcNMLOfcbFLOH/CbcfuaE-KMLOHUqaKPKMLOHaZ3U#E#G$DFE
aZ3
l;]FLOH#[-L EtaKPV-KMLONPbFLOfF[-LObFLOI$bFGAfFLOHc^,H
aADFE
Q

{t >C>(S9`pv
H20
Cs
CpD
5mm
nSV-V-NPKM[3Z-H-Y?#v 9 72NML NwGAI;aKPNM]uabcNMGAH#]F]cT-Z-KML\Z-hUqa;bLONPH#LI$KMLONPH#L¥|aA]F]FLOfcT-fFGAVL;v72NMLQSGAH#[-LOH#]uabFGAfFLOH
^  4&  *`=[3NMLOH#LOH¨k^Z-frnSV#]cbcNPh=hZ-H-YJaZ3U[3NML(SL^]FGAH
aH-kOU+fFL^§Z#LOH-k 
e[3NML?_ j!2NMG$[-L( WNPfF[k^Z-h©mLOfj
]cbcNPh=h`LOH?[-L^]2C$DFEWNPH-Y;I$fFLONM]FL^]SVLOH#lAbcNPY;bv
U+-E-fcbvwﬃak^ZﬂWNPfF[ﬂh=NPb ESNPKzUL`[-LOfsﬃaH-k^IlAfcTLOfF]cT-Z-KML/[#aA]xYL^]uahbFL/g(LO;mGAKPZ-h`LOHh=NPbLONPH#LOhªYLOfcNPH-YLOH
¬KPNPTWNPH-ILOK[3fFLONPh/aKE-NPHbFLOfFLONPH
aH#[-LOfﬃaH-YLOfFLOY;bv
nSH#]FDFE-KPNMLOLOH#[RWNPfF[=cLOWXLONPKM]SLONPHis2fuaA[3NMLOHbFLOH#L^DFE#G;]cNPY;H
aK
h=NPb[-LOh nSZ#]cKML^]FLOY;fuaA[3NMLOHbFLOH NPH|«5 ﬂZ-H#[|NPHkOj!NMDFEbcZ-H-YﬂLOfckLOZ-Y;bv

NPH#LrLOHbF]cT-fFL^DFE#LOH#[-Log(L^]F]cZ-H-Y(k^Z
_G;]cNPbcNMGAH#]cVL^]cbcNPh=hZ-H-YI;aH-H`NPH`WXLOH-NPYLOfaKM]XAA?2[3Z-fFDFE-YLpU+-E-fcbXWXLOfF[-LOHwv$ﬃaﬃ[3NMLMNwGAI;aKPNM]uabcNMGAH#]F]cT-Z-KMLOH
HZ-f/CNPY;H
aKSaZ#]NPE-fFLOf`[3NPfFLOI$bFLOH
U
h=YLOV-Z-H-Y|aZ3U+H#LOE-h`LOHwLOfcY;NPV-b=]cNMDFE NPH [-LOHUGAZ-fcNMLOfcbcfuaH#]UGAfch=NMLOfcbFLOH
g(LO[#abFLOHﬂU+-fcL^[-LOH NwGAI;aKM]cT-Z-KMLOH-I;aH
aKeLONPH_LaI|aH|[-LOf=CbFLOKPKML;)aH|[-LOf7]cNMDFE[-LOf7giafcILOfxVLpy#H#[-LObv
nSZ#DFE|VLON[3NML^]FLOhª{LOfUqaE-fFLOH|IlAH-H#LOH stLOH
aZ-NPY;ILONPbFLOHmGAHﬂZ-H-YLpUqdE-fr^;A£5U+-fﬃUg(SSb!$T-NM]FDFE#L

Lpj
WXLOY;Z-H-YLOHrLOfcfFLONMDFEbXWXLOfF[-LOHwv taADFE[-LOfLONPYLOHbcKPNMDFE#LOHo_G;]cNPbcNMGAH#]cVL^]cbcNPh=hZ-H-YWXLOfF[-LOHr[3NML2C$DFEWNPH-Y;I$fFLONM]FL
aH([-LOHigiafcILOfcH[3Z-fFDFE

L^]cbcfFGAh`LOH[-LOfﬃaH-YL^]FDFE-KMG;]F]FLOH#LOH_ j!2NMG$[-LOH?mLOfF]cbcNPh=hb5]FG/[#ar[3NML^]FLxVLON
[-LOfH
aADFE3UGAKPYLOH#[-LOHiV-NPKM[3YLOVLOH#[-LOH(g(L^]F]cZ-H-Y`H-NMDFEb2fFL^]FGAH
aHbt]cNPH#[5v#!HWNMLpULOfcH([3NML[3fFLONzUqaADFE#LnSH-fFLOY;Z-H-Y
[-L^]g(LO;mGAKPZ-h`LOH#]k^Z-fS_G;]cNPbcNMGAH#]cVL^]cbcNPh=hZ-H-Yr[3NML2Ug(Sqj!g(L^]F]cZ-H-YLOHrVL^LONPH3#Z-;b#NM]cbeV-NM]cE#LOfH-NMDFEbSZ-H3j
bFLOfF]cZ#DFEbSWXGAfF[-LOHwv
ﬂP !ﬀP  - #C O#& 	ﬁ S $# #C "ﬃ 2, $#C0 ﬃ! ,  0 ﬃ(!'20 # 2,& "  
nSKM]=nSKPbFLOfcH
abcNPmLrk^ZJLONPH#LOf=h/afcILOfcV
aA]cNMLOfcbFLOH\tLObFLOI$bcNMGAH WZ-fF[-LR[3NMLr{LOfcWXLOH#[3Z-H-Y|mGAH GAfcV-NPbuaKMLOH taj
m$NPYabFGAfFLOH ^!W2n{ `eU+-ft[3NMLT-fFG;]cTLOI$bcNPmL7QSGAfcfFLOI$bcZ-fﬃmGAH(Ug(Sqj!ﬃabFLOH?mGAfcYL^]FDFE-KaYLOHT^+]cNMLOE#L Q ¬
U
>CB(S!
Q N

>CDﬂS!LQ N

>C:ﬂS! Q ¥in2F>C>S! Q ¥in2
@C@
S9`pvw2NML^]FL^]{LOfUqaE-fFLOH|E
ab7]cbuafcIL 
SE-H-KPNMDFE-ILONPbFLOHh=NPb7[-LOH|Ij
2aZ-hjﬂLL^DFE-H-NPILOH(k^Z-ffFLObcfFG;]cTLOI$bcNPmLOH

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f
WXLOKMDFE#LxNPH?nSV#]FDFE-H-NPbcb ?#v
8
v
8
VL^]FDFE-fcNMLOVLOH
   
	
 ]


  ](
 % %
  
' !d$
  ﬀ
ﬃ

WZ-fF[-LOHwv2NMLSaZ3UwQtfFLONM]cfcNPH-YLOH`NPh CTLOI$bcfcZ-h°KPNMLOYLOH#[-LS!H3UGAfch/abcNMGAH/WNPfF[=E-NMLOf5cL^[-G$DFE`H-NMDFEbVLOfFL^DFE-H#LOb
]FGAH#[-LOfcHRh=NPbMESNPKzULﬃ[-LOf W2n{][3NPfFLOI$bYLOh`L^]F]FLOHwv
ﬃak^ZrWXLOfF[-LOHrmGAfe[-LOfeV-NPKM[3YLOVLOH#[-LOHog(L^]F]cZ-H-Y#3dE-H-KPNMDFErWNMLSVLON[-LOfetLObFLOI$bcNMGAHrh=NPbcbFLOKM] E2¬j!giafcILOfcHw
[3fFLONI$Z-fckLs2fuaA[3NMLOHbFLOH#L^DFE#Gj

«3TLOfcNPh`LOHbFL/[3Z-fFDFE-YLpU+-E-fcbv2NML^]FL[3NMLOH#LOHi[#ak^Zw
[3fFLONk^Z#LONPH
aH#[-LOft]FLOH-Ij
fFL^DFEbFL;I$fFLONM]UlAfch=NPYL LwfuacLOI$bFGAfcNMLOHJNPh Ij!2aZ-haV-k^Z-buaA]cbFLOHwv¦¥\NMLVLON[-LOffFLObcfFG;]cTLOI$bcNPmLOH {afcNaHbFL
WNPfF[LONPH#LnSH
aKP3]FL/[-LOf

LObcfudYLr[-LOf7Ij!2aZ-h ﬃabFLOH aZ3US[-LOHQtfFLONM]cfcNPH-YLOHh=NPb=QtfFLOZ-k^IGAfcfFLOKabcNMGAH#]j
h`LObcE#G$[-LOH?[3Z-fFDFE-YLpU+-E-fcbv

NPH#LﬃSGAbuabcNMGAHRVLOWNPfcI$bSaZ#DFERE-NMLOfLONPH#LYLwfuaH#]cKabcNMGAH([-LOf

LObcfuaY]F[#abFLOH(aZ3U
[-LOh¢QtfFLONM]cfcNPH-Y#v
2NML^]FLxnSZ#]cWXLOfcbcZ-H-Y/NM]cbNPH?aKPKMLOftCbcfFLOH-YLxHZ-fNPh k^WXLONM[3NPh`LOH#]cNMGAH
aKMLOHi¬
aKPKwY;-KPbcNPY#v

LONM]cT-NMLOKM]cWXLONM]FLtU+-E-fcb
LONPH#L`SGAbuabcNMGAHZ-h LONPH#L=QSG$GAfF[3NPH
abFLOH
aADFE#]FL/k^Weafxk^ZLONPH#LOh h`G$[-LOKPKPYLOh/dLOH|{LOfcE
aKPbFLOH|[-L^]tk^Z-fxSGj
buabcNMGAH#]uaADFE#]FL=]FLOH-I$fFL^DFEbFLOH W2n{ 
 [3NML=aH#[-LOfFLOHW2n{]tLOHbcE
aKPbFLOHrcL^[-G$DFE(H
aADFE[-LOfﬃSGAbuabcNMGAH(H-NMDFEb
h`LOE-f[3NML^]FLOKPVL`Ij!2aZ-hj!!H3UGAfch/abcNMGAH ^+]cNMLOE#LnSV-V-NPKM[3Z-H-Y?#v : `pv

LONLONPH#LOf=aKPKPYLOh`LONPH#LOHSGAbuabcNMGAHmLOfj
E
dKPbe]cNMDFEr]FGAYafILONPHW2n{}h`G$[-LOKPKPYLOh/d#v$¬-fe[-LOH¬
aKPKI$KMLONPH#LOf

LOWXLOY;Z-H-YLOHoNM]cb[3NMLSZ-HmGAKPKM]cbudH#[3NPYL
nSV-V-NPKM[3Z-H-Y ?#v : nSH#]FDFE
aZ-KPNMDFE#L(ﬃafF]cbFLOKPKPZ-H-Yk^Z-f`{2NM]cZ
aKPNM]cNMLOfcZ-H-Y[-LOf`Z-HmGAKPKM]cbudH#[3NPYLOH

HbcIGAT-T-KPZ-H-Y
[-LOfSGAbuabcNMGAH#LOH/[3Z-fFDFE`GAfcV-NPbuaKML ta^m$NPYabFGAfFLOH ^+NPH-YL(`pvA2fFLOEb]cNMDFE`[#aA]CTLOI$bcfcZ-h ^+]c$hVGAKPNM]cNMLOfcb[3Z-fFDFE
¥\-fULOKE`¦Z-h [3NMLmLOfcbcNPI;aKMLtnDFE#]FL;$]FGxWNPfF[[3NML2!H3UGAfch/abcNMGAHoaZ3U[-LOh GAVLOfFLOH ta^m$NPYabFGAfeh`G$[-LOKPKPYLOh/d
fFGAbcNMLOfcbv
2NMLxaH#[-LOfFLOH ta^m$NPYabFGAfFLOH(LOHbcE
aKPbFLOH`cLtH
aADFEis2fFlALx[-LOfSSGAbuabcNMGAHRIGAh=T-KMLObcb2aH#[-LOfFLﬃabFLOHwv

HbcIGAT-T-KPZ-H-Yﬂ[-LOfSGAbuabcNMGAH#LOHmGAH#LONPH
aH#[-LOfH-NMDFEb=]FGRT-fFGAV-KMLOh/abcNM]FDFEw¦[#a([#aA]{LOfUqaE-fFLOH ]FDFE#LONPbFLOfcbv
ﬃaA]S{LOfUqaE-fFLOH(VL^]cbcNPh=hb2mGAH([-LOfFLLOH#[-LOH-kfcNMDFEbcNPYLSGAbuabcNMGAH#]cT
afuah`LObFLOfWXLOH-Hi[3NML 
SH#[-LOfcZ-H-Yr[-LOf
]cTLOI$bcfuaKMLOHﬂ!H3UGAfch/abcNMGAHﬂVLON¦[3NML^]FLOfxSGAbuabcNMGAH|]FGYLOfcNPH-YoNM]cb5[#aR]cNMDFEﬂ[3NMLSW2n{Sj!!H3UGAfch/abcNMGAHH-NMDFEb
WXL^]FLOHbcKPNMDFE`dH#[-LOfcbv2NML^]wNM]cb5U+-f

LOWXLOY;Z-H-YLOHmGAHxWXLOH-NPYLOH`s2fuaA[xZ-H#[xg?NPKPKPNPh`LObFLOfcH[-LOf¬
aKPKqvnSKPKMLOfF[3NPH-Y]
NM]cb)[3NMLstLOH
aZ-NPY;ILONPb)H-NMDFEb¦]FLOE-fE#G$DFEwvtL^]cE
aKPVhZ-tLONPH7h`L^]F]FLOH#[NPbFLOfuabcNPmL^]){LOfUqaE-fFLOH7mLOfcWXLOH#[-LOb¦WXLOfj
[-LOHwvg?NPbESNPKzUL[-LOf W2n{]¦WNPfF[`LONPH#LLOfF]cbFLSC$DFE
dbck^Z-H-Y[-LOf

LOWXLOY;Z-H-Y]cT
afuah`LObFLOfeLOfcfFL^DFE-H#LObv$ﬃaH
aADFE
WNPfF[?LONPH?k^WXLONPbFLOfﬃC3abckﬀW2n{]NPH?LONPH#LOh QSG$GAfF[3NPH
abFLOH#]c3]cbFLOhaZ3U+YLOH#GAh=h`LOHw
WXLOKMDFE#L^]tLOHbF]cT-fFL^DFE#LOH#[
[-LOfSLOfF]cbFLOHiC$DFE
dbck^Z-H-Y/H
aADFE-YLpU+-E-fcbSWZ-fF[-L;v
CNPH#[[3NML/SGAbuabcNMGAH#LOHVL^]cbcNPh=hbWXGAfF[-LOHw)]FGoI;aH-H[3NML W2n{Sj!!H3UGAfch/abcNMGAH]FGRNPHbFLOfcTGAKPNMLOfcb7WXLOfF[-LOHw
[#arNPh9[-LaKzUqaKPK)ILONPH#LSGAbuabcNMGAHiYLOYLOH-VLOfx[-LOfﬃSLpULOfFLOH-k^h`L^]F]F]cZ-H-Yrh`LOE-ftVL^]cbFLOEbv2NML7mLOfcV-KMLONPVLOH3j
[-LOHJ2N

LOfFLOH-kLOHNPH [-LOf=_¦E
aA]FLOH-NPH3UGAfch/abcNMGAHJWXLOfF[-LOH k^Z-f

L^]cbcNPh=hZ-H-Y|[-LOfﬀLwfuaH#]cKabcNMGAH#]cT
afuah`LObFLOf
h=NPbFESNPKzULx[-L^]¬#GAZ-fcNMLOfjCE-NzU+bjﬂLeE#L^GAfFLOh`]ﬃYLOHZ-bck^bv
2NMLﬃIGAh=T-KMLObcbFL7_G;]cNPbcNMGAH#]cVL^]cbcNPh=hZ-H-YrI;aH-H(aZ3U[3NML
VL^]FDFE-fcNMLOVLOH#Lx¥ﬂLONM]FLtNPHRZ-HbFLOf%;A?7[3Z-fFDFE-YLpU+-E-fcb2WXLOfF[-LOHwv
nSZ3U+Y;fcZ-H#[=[-LOf

NPYLOH#]FDFE
aU+bFLOH/[-LOf¦¬#GAZ-fcNMLOfcbcfuaH#]UGAfch/abcNMGAH/LOfcYLOVLOH`]cNMDFE=_¦fFGAV-KMLOh`L;;WXLOKMDFE#LaZ#DFE`]FDFE#GAH
VLON[-LOfSfFLObcfFG;]cTLOI$bcNPmLOHR{afcNaHbFLaH-YL^[-LOZ-bFLOb2WZ-fF[-LOHW^+nSV#]FDFE-H-NPbcbM?#v
8
v
8
`pv
ﬃak^Z-h=NPH#[-L^]cbSNPhEtaKM]cVLpj
fFLONMDFE([3Z-fFDFE

LOWXLOY;Z-H-YLOH LLONPKML[-L^]g(LOGAV3cLOI$bF]S[#aA]2aV-YLObuaA]cbFLObFLx{GAKPZ-h`LOH?mLOfcKaA]F]FLOH?G$[-LOfH#LOZ?E-NPH3j
k^Z-IGAh=h`LOHwmLOfudH#[-LOfcbt]cNMDFE([3NMLx]cTLOI$bcfuaKML!H3UGAfch/abcNMGAHwv
2NML 
SH#[-LOfcZ-H-Y/NM]cbtaV-E
dH-Y;NPYr[#a^mGAHw
WNMLOm$NMLOK
]cNPY;H
aKPYLOVLOH#[-L^]7giabFLOfcNaKNPHﬂSLOKabcNMGAHﬂk^Z-h NPh g(LO;mGAKPZ-h`LOH|VLpy#H#[3KPNMDFE#LOHgiabFLOfcNaKmGAHﬂ[-LOf

LOWXLpj
 ]   


  ](
 %ﬃ$' !
 ﬁ


ﬃd$
 Yﬀ
ﬃ

 
 
Y;Z-H-Y2VLObcfFG

LOHNM]cbv2NMLX]FGSLOfckLOZ-Y;bFLOH/CNPY;H
aKdH#[-LOfcZ-H-YLOH=WNM[-LOfF]cT-fFL^DFE#LOH=[-LOf)_¦fudh=NM]F]FLX[-L^]mGAKPKM]cbudH#[3NPY
NPh g(LO;mGAKPZ-h`LOH(LOHbcE
aKPbFLOH#LOH(g(LOGAV3cLOI$bF]-WXLOKMDFE#LﬃU+-fSaKPKMLtIj!2aZ-hjqV
aA]cNMLOfcbFLOH(tLObFLOI$bcNMGAH#]cbFL^DFE-H-NPILOH
YLpUGAfF[-LOfcbWXLOfF[-LOH?hZ-#v
A B C
nSV-V-NPKM[3Z-H-Y-?#v > C3aY;NPbcbuaKML^]C$DFE-H-NPbcbcV-NPKM[[3Z-fFDFE[-LOHJQSGAT3Ucv¦n )¬ NwnﬃC E

NPKM[h=NPb 	  ;'&O?RZ-H#[
 &A;A?j

O¥\NMLnRcL^[-G$DFExh=NPb¬#LObcbF]udbcbcNPY;Z-H-YSj  g?Z-KPbcNPT-KaH
afFLSLOIGAH#]cbcfcZ-I$bcNMGAHxbcfuaH#]cmLOfF]uaKMLOf

_=C$DFE-NMDFEbFLOH ^ 	 6;AA?ﬂ`pv¦2NML

NPKM[-LOf/n Z-H#[

LOHbcE
aKPbFLOH\[-LOZ-bcKPNMDFE#LiCNPY;H
aKaHbFLONPKMLEtaKM]=Z-H#[
2aADFE#LOHVLOfFLONMDFEwv

LON#[-LOfXnSHWXLOH#[3Z-H-YLONPH#LOffFLObcfFG;]cTLOI$bcNPmLOH/QSGAfcfFLOI$bcZ-faZ3U

_qj

NPKM[-LOfNM]cbXaZ3U+Y;fcZ-H#[`[-LOffFLOKabcNPmE#GAE#LOH

DFE#GAkLONPb=I;aZ-hCNPY;H
aKSaZ-LOfcE
aKPV [-L^]`stLOE-NPfcH#]mGAfcE
aH#[-LOH Z-H#[[#ah=NPb=[#aA]g(G$[-LOKPKXH
dE#LOfcZ-H-Y]cWXLONzj
]FL/LOfU+-KPKPbv SZ-f7[#aA]7#DFILOH-h/afcIWXLOKMDFE#L^]WXLOH-NPY(k^Z-f`stL^]uahbcNPH3UGAfch/abcNMGAH VLONPbcfudY;bfuaY;b=aZ#]7[-LOh
aV-YLObuaA]cbFLObFLOH¨{GAKPZ-h`LOH¨E#LOfuaZ#] ^+nSV-V-NPKM[3Z-H-Y ?#v >:`pvXg?NPbr[-LOHW2n{]WNPfF[¨aKPKMLOfF[3NPH-Y]o[3NML?Ij!2aZ-hj
!H3UGAfch/abcNMGAH Bj
8A@
g?NPKPKPNM]FLOI$Z-H#[-LOH/H
aADFE[-LOfXnSH-fFLOY;Z-H-Yk^Z-fX_G;]cNPbcNMGAH#]cVL^]cbcNPh=hZ-H-YYLOHZ-bck^be^Q ¥in2F>C>S!
Q ¥in2
@C@
S9`pv

LONLONPH#LOfLOHbF]cT-fFL^DFE#LOH#[YLOfcNPH-YLOHSLOKa«#abcNMGAH`bcfuaYLOHnSHbFLONPKMLmGAH EtaKM]¦Z-H#[/2aADFE#LOH-fuaZ-h
H#G$DFEﬂ[-LOZ-bcKPNMDFE|k^Z-f7stL^]uahbcNPH3UGAfch/abcNMGAH|VLONqv5¬#LOfcH#LOfxVLOWXLOY;b]cNMDFE|[-LOfYEtaKM]jZ-H#[ taADFILOHVLOfFLONMDFE|VLON
LONPH#LOf7QSGAT3U+VLOWXLOY;Z-H-Y(H-NMDFEb7WNML/[#aA]=stLOE-NPfcHwvnSV-V-NPKM[3Z-H-Y?#v >okLONPY;b[#a([3NML/_¦fudh=NM]F]FL/[-LOfxIj!2aZ-h
tLObFLOI$bcNMGAH?[#ah=NPbSLOHbF]cT-fFL^DFE#LOH#[(]FDFE-KML^DFEbFLOftLOfU+-KPKPbWNPfF[5v
   	
 ]


  ](
 % %
  
' !d$
  ﬀ
ﬃ

 7)(  
 
-
  

 
-
 
? 9
,  .7( 

         	  
   
  	   M 
<
Z([-LOH?fFLObcfFG;]cTLOI$bcNPmLOH?{LOfUqaE-fFLOHi]cNPH#[?LONPH#LxY;fFGALﬀ<aE-K)aH?{LOfFl

LOHbcKPNMDFEZ-H-YLOH|]FLONPb2[-LOf2LOfF]cbFLOH?Z-hj
UqaA]F]FLOH#[-LOfFLOH2NM]cI$Z#]F]cNMGAH[-LOf

LOWXLOY;Z-H-Y]cT-fFGAV-KMLOh/abcNPI\LOfUGAKPY;b ^Q E2n O.>P?ﬂS9`pv¥}dE-fFLOH#[JfFLOKabcNPm ]FDFE-H#LOKPK
YLOkLONPY;b`WXLOfF[-LOHJIGAH-HbFL;[#aﬂ]cNMDFE[3NML SZ
aKPNPbudb[-LOf

fcYLOV-H-NM]cV-NPKM[-LOf[3Z-fFDFE

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fFLOH
[-LOZ-bcKPNMDFEmLOfcVL^]F]FLOfcHJKd;b]cNPH#[V-NM]`E#LOZ-bFLR[3NMLR]cbcZ-H#[-LOH-KaH-YLOH\SL^DFE#LOH-kLONPbFLOH¨§Z
aKPNPbuabcNPmE#G$DFEWXLOfcbcNzj
YLOfrnSKPYGAfcNPbcE-h`LOH}NPH#]cVL^]FGAH#[-LOfFLiaZ#DFE}NPH¨[-LOfI$KPNPH-NM]FDFE#LOH­SGAZ-bcNPH#L(LONPH\T-fuaI$bcNM]FDFE#L^]o_¦fFGAV-KMLOh ^+]cNMLOE#L
Q Q NOW >C>VS9`pv
¬-fXLONPHL^DFEbckLONPbUqdE-NPYL^]efFLObcfFG;]cTLOI$bcNPmL^]eQSGAfcfFLOI$bcZ-fcmLOfUqaE-fFLOHrh#]F]FLOHr]FDFE-H#LOKPKML

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]j
Z-H#[(!HbFLOfcTGAKabcNMGAH#]uaKPYGAfcNPbcE-h`LOHLOHb!WNMDFILOKPbxWXLOfF[-LOHwv
U
HbFLOf

DFEbckLONPbﬃWNPfF[(E-NMLOftmLOfF]cbuaH#[-LOHw[#ao[3NML
SL^DFE#LOH-kLONPbwU+-fw[3NML

NPKM[3fFLOIGAH#]cbcfcZ-I$bcNMGAH7]FGWNML

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f)LONPH#L^]w{GAKPZ-h`LOH#[#abFLOH#]uabckL^]YLOfcNPH3j
YLOfXaKM][3NMLg(LO;kLONPbNM]cb 2NMLeUg(Sqj!ﬃabFLOH`KPNMLOYLOHw]FGﬃ]FDFE-H#LOKPKWNML[3NMLg(L^]F]cZ-H-YﬃUGAfcbF]FDFE-fFLONPbFLObIGAh=T-KMLObcb
H
aADFEmLOfuafcVLONPbFLObﬃaZ3U¦[-LOh LGAh`GAY;fuaT-E#LOH(mGAfv
¬-fLONPH#L]FDFE-H#LOKPKML

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAHiWeafFLOH([#ak^ZRkLONPb!WXLONPKPNPYr[3NMLﬃNPH?nSV#]FDFE-H-NPbcb ?#v
8
v
8
mGAfcYL^]cbFLOKPKPbFLOH
Ij!2aZ-hjﬂLL^DFE-H-NPILOH?aI$bcZ#LOKPKL^Q  E

>P?S!?Q QﬃnﬃC >CDVS!?Q g(n2n >&9S!?Q L E

>C:VS!?Q QﬃSn >C>(S9`pv¥\NML2]FDFE#GAHrNPHrQxaj
T-NPbFLOK.?taH-YLpU+-E-fcbV-fcNPH-YLOH[3NMLIj!2aZ-hjqV
aA]cNMLOfcbFLOHtLObFLOI$bcNMGAH#LOHLONPH#LSLONPE#LmGAH

NPH#]FDFE-fudH-I$Z-H-YLOHh=NPb
]cNMDFEw3]FG[#a=[3NML^]FLtg(LObcE#G$[-LOHoH-NMDFEb[3NML2YL^]cZ#DFEbFLYNwl;]cZ-H-Y`[#afF]cbFLOKPKMLOHwv-tLOfckLONPb]cNPH#[k^Z-f Nwl;]cZ-H-Y/aKPKPYLpj
h`LONPH#LOf

NPKM[3fFLOY;NM]cbcfcNMLOfcZ-H-Y]cT-fFGAV-KMLOh`L7]FGAYLOH
aH-HbFLxQtfFLOZ-kLOHbcfFGAT-NMLOmLOfUqaE-fFLOHX^+]cNMLOE#L Q {t W >CB(S!+Q Qﬃ9g >C>(S9`
TGAT-Z-Kdfv52NML^]FL LL^DFE-H-NPILOH|LOfUGAfF[-LOfcHﬂLONPH#LOHﬂLOfcE#lAEbFLOH|SL^DFE#LOH
aZ3U+WeaH#[|]FGWNML=[3Z-fFDFEﬂ[3NML=]cbuabcNM]cbcNM]FDFE#L
tabcZ-f2[-L^]2{LOfUqaE-fFLOH#]tLONPH#LY;fFGAL7nSH-kaE-K¦aHi_¦Nz«-LOKPH(V-k^Wxv
{G^«-LOKPHiNPH([-LOHiﬃabFLOH#]udbckLOHwv2NMLfFLOKabcNPm
H-NML^[3fcNPY(aZ3U+YLOKMl;]cbFLOHUg(Sqj!ﬃabFLOHiZ-H#[[-LOfx¥Z-H#]FDFEﬂH
aADFEﬂE#GAE#LOHstLOH
aZ-NPY;ILONPbFLOH|V-NMLObFLOHﬂE-NMLOfﬃILONPH#LOH
GAT-bcNPh/aKMLOH|nSZ#]cYaH-Y]cT-Z-H-I$bvw2NMLﬀNwl;]cZ-H-YoWNPfF[NPHﬂ[3NML^]FLOfxnSfcVLONPbx[-L^]cE
aKPVﬂNPHﬂ[-LOfﬃ¥ﬂLONPbFLOfFLOHb!WNMDFI$KPZ-H-Y
[-LOf2sﬃaZ-Aj2LOWbFGAH3jq{LOfUqaE-fFLOH(YL^]cZ#DFEb#WXLOKMDFE#LNPHRnSV#]FDFE-H-NPbcb ?#v
8
v ;=LOfcKdZ-bFLOfcbSWZ-fF[-LOHwv
¥}dE-fFLOH#[=[3NMLXIj!2aZ-hjq{LOfUqaE-fFLOH=U+-f¦[#aA]

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]cT-fFGAV-KMLOh H-NMDFEb[3NMLeYL^LONPY;H#LObFL Nwl;]cZ-H-Y
[#afF]cbFLOKPKMLOHw;]cNPH#[=[3NMLeIj!2aZ-hjqV
aA]cNMLOfcbFLOH/!HbFLOfcTGAKabcNMGAH#]cmLOfUqaE-fFLOH]FLOE-f¦Y;Z-b¦YL^LONPY;H#LObv$CNMLeIGAhV-NPH-NMLOfFLOHw
WNMLNPH Q L E

>C:VSZ-H#[ Q L E

>C>VST-Z-V-KPNPk^NMLOfcbWXLOfF[-LOHﬂIGAH-HbFL;LONPH#LY;Z-bFL

fcYLOV-H-NM]F§Z
aKPNPbudbNPHﬂQSGAhV-Nzj
H
abcNMGAHh=NPbXE#GAE#LOfeSL^DFE#LOH-YL^]FDFEWNPH#[3NPY;ILONPbv
2NML2Lp«3NM]cbcNMLOfFLOH#[-LOH N5NPh=NPbuabcNMGAH#LOHR[3NML^]FLOf LL^DFE-H-NPILOH^+]cNMLOE#L
?#v ;3v Ł:`tWXLOfF[-LOHNPH|[3NML^]FLOf7nSfcVLONPb7[3Z-fFDFE|{LOfcVL^]F]FLOfcZ-H-YLOHVLOE#GAVLOHwv

NPH#L/{LOfcWXLOH#[3Z-H-Y[-LOfxWXLONPb7mLOfj
V-fFLONPbFLObFLOHw
aVLOfKaH-Y]uah`LOH?]cNPH#Dpj!!HbFLOfcTGAKabcNMGAH(I;aH-HR[#ah=NPbmLOfch=NML^[-LOH?WXLOfF[-LOHwv
 

"45 -97
2
-."% (*  (+

-98:%;$'-9 (7'*) (* +-."

-.5 -9*) (*)8+-
2
-
032
7
/
(
2NMLtsﬃaZ-Aj2LOWbFGAH3jq{LOfUqaE-fFLOHRLOfF]FDFE#LONPH#LOH?ah VL^]cbFLOH/U+-fX[3NML <
WXL^DFILﬃ[-LOfUg(SYL^LONPY;H#LObek^Zr]FLONPHwvnSKzj
KMLOfF[3NPH-Y]¦]cNPH#[[3NML^]FLX{LOfUqaE-fFLOHwAWNMLe]cNMLXE
dZ3y#YﬃNPH=[-LOfN5NPbFLOfuabcZ-fZ-H#[=aZ#DFE=NPH=nSV#]FDFE-H-NPbcb?#v
8
v ;SVL^]FDFE-fcNMLpj
VLOH7WXLOfF[-LOHwH-NMDFEb¦NPh=h`LOf¦]cbuaV-NPKqv
U
h&[#aA])QSGAHmLOfcYLOH-k^mLOfcE
aKPbFLOH/k^Z7mLOfcVL^]F]FLOfcHwNM]cb)L^]H#GAb!WXLOH#[3NPY#;[#aA]
?.>
    	
   
#  

' 


(# /
	   (:
 
$' !
 ﬁ





  ](

g(G$[-LOKPK$Z-hﬀY;KMGAV
aKMLe!HbFLOH#]cNPbudbF]F]FDFEWeaH-I$Z-H-YLOH`k^ZLOfcWXLONPbFLOfcHwvA¬-f)LONPH#L

DFEbckLONPbuaHWXLOH#[3Z-H-Y[-LOf

LOWXLpj
Y;Z-H-Y]F[-LObFLOI$bcNMGAHoNM]cbXk^Z#[-LOh¢aKM]XWXL^]FLOHbcKPNMDFE#LOftC$DFE-fcNPbcbLONPH#Lt[-LOZ-bcKPNMDFE#L

L^]FDFE-KMLOZ-H-NPY;Z-H-Y/[-LOf

LOfFL^DFE-HZ-H-Y
Z-h [-LOH¬
aI$bFGAf=A?H#GAb!WXLOH#[3NPY#)Z-h[3NML/T-Z-V-KPNPk^NMLOfcbFLOH SL^DFE#LOH-kLONPbFLOHVLOI;aH-HbFLOf!h=T-KMLOh`LOHbcNMLOfcZ-H-YLOH
aZ#]cfFLONMDFE#LOH#[?k^ZomLOfcfcNPH-YLOfcHW^,m$Y;Kqv Q Q NOW >C>VS9`pv
3ﬀPﬂ)Pﬂ)  ,?R  "$#C ,.%ﬁ('/(  +-0 %   R # 	ﬁ S ,/U 0 (,& "ﬁ  U(,Y'	ﬃ 0 ﬃ! ﬀ*Pﬁ	#C "ﬁ  $#  #  R 0 ﬁ
%ﬁ('2 "ﬁ
!HR[-LOHoV-NM]cE#LOfcNPYLOH

L^]FDFE-fFLONPV-Z-H-YLOH([-L^]

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH#]cT-fFGAV-KMLOh`]2WZ-fF[-Lx[#a^mGAH(aZ#]cYLOYaH-YLOHw
[#a?LONPHiUg(Sqj!ﬃabFLOH#]uabck/aZ#]xLONPH#LOfﬃkLONPbcKPNMDFE#LOH¬#GAKPYL=mGAH

_qj

NPKM[-LOfcH|VL^]cbFLOEbWXLOKMDFE#L`NPhWXL^]FLOHbj
KPNMDFE#LOH1NM[-LOHbcNM]FDFEﬀ]cNPH#[5vnSKM]
U
fF]uaADFE#LOH}U+-fRLONPH#LikLONPbcKPNMDFE#Lﬂ{afcNabcNMGAHﬀ[-LOfRﬃabFLOH­WZ-fF[-LOH­V-NM]cE#LOfRNPh
<
Z#]uah=h`LOH-E
aH-Y(h=NPb[-LOf

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f7H#LOZ-fFGAH
aKMLnSI$bcNPm$NMLOfcZ-H-YRZ-H#[ﬂ_)abcNMLOHbFLOHVLOWXLOY;Z-H-YLOH
LOfcWedE-Hbv)¥ﬂLONPbFLOfFL`T
abcNMLOHbFLOHVL^[3NPH-Y;bFL
SZ#LOKPKMLOH|U+-fLONPH#L/kLONPbcKPNMDFE#L/{afcNaH-kr]cNPH#[

KPZ-b#Z-#_¦Z-KM]uabcNMGAH
[-L^]estLOWXLOVL^]nebchZ-H-Y#vnSH-KaYLOH#]FLONPbcNPYh#]F]FLOH2aZ#]FDFE#LOH/]FGWNMLS2fcNzU+bFLOH`VLaADFEbFLObXWXLOfF[-LOHwvnSH/[3NML^]FLOf
CbFLOKPKMLx]cNPH#[o[3NMLtnSZ#]cWNPfcI$Z-H-YLOH?[-LOf2CbFlAfcZ-H-YLOH(aZ3U)[3NML

NPKM[-[#abFLOHRWNMDFEbcNPY#v
ﬃa[3NMLﬃL^DFE#GAT-KaH
afFL

NPKM[$j
YLOV-Z-H-YRNPHﬂDa3v3AA?/LONPH

NPKM[ﬂaI3§Z-NPfcNMLOfcbﬃZ-H#[LOfcKaZ-V-b5NPHWXLOH-NPYLOf7aKM] %`LONPH#LOHﬂ{GAKPZ-h`LOH#[#abFLOH#]uabck
[-L^]estLOE-NPfcH#]aZ3U+k^Z-H#LOE-h`LOHw$LOfckLOZ-YLOH/[3NMLYLOH
aH-HbFLOH/{afcNaH-k§Z#LOKPKMLOHI;aZ-h~k^Z#]udbck^KPNMDFE#LSnSfcbFLpUqaI$bFLNPh

NPKM[5[#a[3NML

LOI$bFL7KaH-Y]uah mLOfcY;KPNMDFE#LOHﬂh=NPbﬃ[-LOfﬃnSI3§Z-NM]cNPbcNMGAH#]cYL^]FDFEWNPH#[3NPY;ILONPb]cNPH#[5v

]ﬃLOHbF]cbFLOE#LOH
E
aZ-T-bF]udADFE-KPNMDFE]FDFE#LONPHV
afFL

LOWXLOY;Z-H-YLOHi]FGWNMLYE2LOKPKPNPY;ILONPbF]F]FDFEWeaH-I$Z-H-YLOHik^WNM]FDFE#LOH([-LOH

NPKM[-LOfcHwv

fj
]cbFLOfFLWXLOfF[-LOH [3Z-fFDFEJ[3NML

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-f/LOKPNPh=NPH-NMLOfcb
KMLObck^bFLOfFLrIlAH-H#LOHNPHLOfF]cbFLOf tdE#LOfcZ-H-YﬂaKM]
Y;KMGAV
aKh`G$[-LOKPKPNMLOfcbWXLOfF[-LOHwv
!H#]cVL^]FGAH#[-LOfFL2YLOE#LOH E2LOKPKPNPY;ILONPbF]F]FDFEWeaH-I$Z-H-YLOHaZ3Uk^WXLONﬁSZ#LOKPKMLOHok^Z-fc#DFIv"<
Z-h LONPH#LOHRdH#[-LOfcb]cNMDFEok^Z

LOY;NPH-HﬂLONPH#LOftUg(Sqj!g(L^]F]cZ-H-Yr[-LOf

NPKM[3IGAHbcfuaA]cbw[#a[3NML=giaY;H#LObcNM]cNMLOfcZ-H-YR[-LOfx_¦fFGAVL7NPHﬂ[-LOH|CbFLaA[3j
CbuabFLﬃ-VLOfcYLOEbv#2NML	
SH#[-LOfcZ-H-YLOH?aZ3U+Y;fcZ-H#[R[-L^]
ﬂ
VLOfcYaH-Y]NPHR[-LOH(CbFLaA[3jCbuabFLx]cNPH#[rmGAHR[-LOf{LOfj
bFLONPKPZ-H-Y/[-LOfSLOKa«#abcNMGAH#]ckLONPbFLOHoNPHo[-LOfg(LO;T-fFGAVLﬃaV-E
dH-Y;NPY#v#tL^]cE
aKPVrNM]cb[3NML E2LOKPKPNPY;ILONPbF]udH#[-LOfcZ-H-Y`NPh

NPKM[ﬂmGAh stLOWXLOVLOb!$T aV-E
dH-Y;NPY(Z-H#[|[#ah=NPbKMGAI;aKZ-HbFLOfF]FDFE-NML^[3KPNMDFEwv¦tLOf7nSH#]uabck/LONPH#LOf7Y;KMGAV
aKMLOH!H3j
bFLOH#]cNPbudbF]udH#[-LOfcZ-H-Y=NM]cbXE-NMLOfeH-NMDFEbLp«#aI$b
$LOfXNM]cbaVLOfXmlAKPKPNPY`aZ#]cfFLONMDFE#LOH#[53Z-h LONPH#Lt]cbuaV-NPKML2QSGAHmLOfcYLOH-k
[-LOf

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH k^ZLOfcfFLONMDFE#LOHwv¦¬-f[3NMLnSZ#]cWXLOfcbcZ-H-Y[-LOfUg(Sqj!ﬃabFLOH|WXLOfF[-LOHJ[3NML^]FL/mGAh

NPH#]FDFEWNPH-YLOHiVL^LONPHbcfudADFEbcNPY;bFLOH

NPKM[-LOfh`LONM]cbFLOH#]mLOfcWXGAfULOHwv
tL^]cWXLONPbFLOfFLOH7[3fcNzU+bFLOH]FGWXGAE-K E2¬jC$LOH#[-LOfaKM]aZ#DFE7[-LOf

h=T3UqdH-YLOfWedE-fFLOH#[LONPH#LOf5Ug(Sqj
U
HbFLOfF]cZ#DFEZ-H-Y#v
¥}dE-fFLOH#[LONPH

h=T3UqdH-YLOfF[3fcNzU+bHZ-fk^Z-fLONPH#LOfY;KMGAV
aKMLOH`CI;aKPNMLOfcZ-H-Y2[-L^])CNPY;H
aKM]wU+-E-fcb^NM]cb[3NML^]wVLONLONPH#LOh
C$LOH#[-LOfF[3fcNzU+beHZ-fXH
dE#LOfcZ-H-Y]cWXLONM]FLt[-LOfX¬
aKPKqv 
SH#[-LOfcbe]cNMDFE[3NMLﬃC$LOH#[-Lah=T-KPNPbcZ#[-L;3]FGxWNPfF[[-LOfX¬KPNPTWNPH-ILOK
[-L^]tnSH-fFLOY;Z-H-Y]cT-Z-KM]FL^]Sh`G$[3Nzy#k^NMLOfcb]FG/[#ar]cNMDFE?YLOH#LOfFLOKPK¦LONPH#LxmGAHi[-LOHiSLOKa«#abcNMGAH#]ckLONPbFLOH(Z-H#[(]FGAh=NPb
KMGAI;aKaV-E
dH-Y;NPYL/CNPY;H
aKdH#[-LOfcZ-H-Y?LOfcY;NPV-bv2NMLU+-ft[3NMLUg(SemLOfcWXLOH#[-LObFLOH|¬KPNPTWNPH-ILOK¦VLObcfuaYLOHH#GAfj
h/aKMLOfcWXLONM]FL( - &Aa;WXG$[3Z-fFDFE]cNMDFELONPH#L 
SH#[-LOfcZ-H-Yﬂ[-LOfC$LOH#[-Lah=T-KPNPbcZ#[-LRHZ-f/]FLOE-fYLOfcNPH-YﬂNPHJ[-LOf
fFL^]cZ-KPbcNMLOfFLOH#[-LOHTSZ#LOfch/aY;H#LObcNM]cNMLOfcZ-H-Y?dZ-LOfcbvwC$G`U+-E-fcbtLONPH#L 
SH#[-LOfcZ-H-Yo[-LOft¬KPNPTWNPH-ILOKM]tmGAH &AaxZ-h
 k^ZLONPH#LOfrCNPY;H
aKz#Z-I$bcZ
abcNMGAH\mGAH0&F-rvﬃa[3NML(C$DFEWeaH-I$Z-H-YLOH¨[-LOf`V-NPKM[3YLOVLOH#[-LOH SZ#LOfch/aYAj
H#LObcNM]cNMLOfcZ-H-Y?fFL^DFEb7YLOfcNPH-Y(]cNPH#[55IlAH-H#LOH|[3NML`fFL^]cZ-KPbcNMLOfFLOH#[-LOH!HbFLOH#]cNPbudbF]F]FDFEWeaH-I$Z-H-YLOH NPH|]FLOE-fﬃY;Z-bFLOf
tdE#LOfcZ-H-YraKM]Y;KMGAV
aKwNM[-LOHbcNM]FDFEiaH-YL^]FLOE#LOH?WXLOfF[-LOHwv
:ﬀ5$*+*+,A8|*++ - ¦8*,
' #*,ﬀ^$	 3		@A"67 #w8
$
<
NMLOKS[3NML^]FL^]/nSV#]FDFE-H-NPbcbFL^]`NM]cb`L^]¦[-LOHJNPHnSV#]FDFE-H-NPbcb ?#v
8
v ;imGAfcYL^]cbFLOKPKPbFLOH}sﬃaZ-Aj2LOWbFGAH3j!nSKPYGAfcNPbcE-hZ#]
]FGk^Z1LOfcWXLONPbFLOfcHwS[#a KPNPH#LafFLY;KMGAV
aKMLﬂ!HbFLOH#]cNPbudbF]F]FDFEWeaH-I$Z-H-YLOH&NPh g(G$[-LOKPKxLOHbcE
aKPbFLOHﬀ]cNPH#[5vtLOf
V-NM]cE#LOfcNPYLxnSH#]uabcktNM]cb3[3NMLﬃ2N

LOfFLOH-kx[-LOfﬃabFLOH#]udbckLﬃk^Zrh=NPH-NPh=NMLOfFLOHwv#ﬃak^ZoWNPfF[o[3NML LwfuaH#]UGAfch/abcNMGAH
KPNPH#LafcNM]cNMLOfcbZ-H#[=[3NML Nwl;]cZ-H-YﬃNPbFLOfuabcNPmVL^]cbcNPh=hbv¬-fLONPHaH`[3NMLSLpULOfFLOH-k/
 
aH-k^Z-T
aA]F]FLOH#[-L^]{GAKPZ-h`LOH
­WZ-fF[-Le[3NML NwLaA]cbjC$§Z
afFL^]jﬂNwl;]cZ-H-YtU+-f¦[-LOH{LOI$bFGAf¦[-LOf LwfuaH#]UGAfch/abcNMGAH#]cT
afuah`LObFLOf


[3Z-fFDFEﬀNwl;]cZ-H-Y
    
  
	
 %
  

(ﬁ
: ﬀ
 %
  
' !ﬀ

 ﬁ:$   
[-LOfeUGAKPYLOH#[-LOHs2KMLONMDFEZ-H-Y/VL^]cbcNPh=hb 

 
 /-
 
V

 
V


#


ﬂ

NPH#LKPNPH#LafFL;wY;KMGAV
aKML`!HbFLOH#]cNPbudbF]F]FDFEWeaH-I$Z-H-Y(YLOYLOH-VLOf[-LOfSLpULOfFLOH-k=I;aH-Hﬂ[3Z-fFDFE|LONPH#LOHﬂk^Z#]udbck^KPNzj
DFE#LOH?_)afuah`LObFLOf,HXaZ#]cYL^[3fc#DFI$bSWXLOfF[-LOH 

 
 H #  -
 
V

 
V


#


ﬂ
^$B3v
8
`
2NML^]FLts2KMLONMDFEZ-H-YhZ-7HZ-H/NPHr[-LOfX¬#GAfchB#




[#afcYL^]cbFLOKPKPbXWXLOfF[-LOHw$Z-h aH
aKMGAY7k^Z[-LOh V-NM]cE#LOfcNPYLOH
{LOfUqaE-fFLOH/h=NPb ESNPKzUL[-LOfXg(G$GAfFLpj!_LOH-fFG;]FLpj!_]FLOZ#[-GANPHmLOfF]FLOH?LONPH#LMNwl;]cZ-H-Yy#H#[-LOH/k^Z/IlAH-H#LOHwv-s2KMLONMDFEZ-H-Y
B3v
8
Kd;bS]cNMDFERWNMLtUGAKPY;bZ-h`]FDFE-fFLONPVLOH 

 

 
-
 
V

 
V




#



H

^$B3v ;:`


 
  #


ﬂ
2NMLROaAD^GAV-Nzj!giabcfcNz«

	



WNPfF[?Z-h LONPH#L=CT
aKPbFL7LOfcWXLONPbFLOfcbNPH([-LOft[#aA]taH-k^Z-T
aA]F]FLOH#[-L

NPKM[(LONPH-YLObcfuaYLOH
WNPfF[	
[-LOft{LOI$bFGAfﬃ[-LOf LwfuaH#]UGAfch/abcNMGAH#]cT
afuah`LObFLOf7WNPfF[(Z-h[#aA]ﬃ!HbFLOH#]cNPbudbF]cmLOfcE
dKPbcH-NM]xLOfcYdH-k^bv52NML
Nwl;]cZ-H-Y`mGAHis2KMLONMDFEZ-H-Y B3v ;WNPfF[?dA§Z-NPm;aKMLOHbk^Z?nSV#]FDFE-H-NPbcb ?#v
8
v ;VL^]cbcNPh=hb 



#
 


#	 #









#


B
1
#	

# 
 
ﬂ
^$B3v Ł:`
2NML-LwfuaH#]UGAfch/abcNMGAH#]cT
afuah`LObFLOf


IlAH-H#LOH­HZ-H­h=NPb ESNPKzULimGAH&s2KMLONMDFEZ-H-Y B3v ŁYL^]FDFE
dbck^b?WXLOfF[-LOHwv
nSH#]FDFE-KPNMLOLOH#[\WNPfF[\[-LOfoaH-k^Z-T
aA]F]FLOH#[-LiﬃabFLOH#]uabck  h=NPb ESNPKzUL?LONPH#LOfo!HbFLOfcTGAKabcNMGAH}LOHbF]cT-fFL^DFE#LOH#[
[-LOf2YL^]FDFE
dbck^bFLOH-LwfuaH#]UGAfch/abcNMGAHh`G$[3Nzy#k^NMLOfcbvtLOf2NPHbFLOfcTGAKPNMLOfcbFL=ﬃabFLOH#]uabck7WNPfF[(k^ZiLONPH#LOftLOfcH#LOZ-bFLOH
C$DFE
dbck^Z-H-Y[-LOfLwfuaH#]UGAfch/abcNMGAH#]cT
afuah`LObFLOf?h=NPbcbFLOKM](s2KMLONMDFEZ-H-Y B3v Ł|VLOHZ-bck^bvﬃaA]r{LOfUqaE-fFLOH}WNPfF[
NPbFLOfcNMLOfcb-V-NM]LONPH#LaZ#]cfFLONMDFE#LOH#[-LQSGAHmLOfcYLOH-k=[-LOf Nwl;]cZ-H-Y`YLpU+Z-H#[-LOH?NM]cbR^+]cNMLOE#LYB3v
8
v ;:`pv
>tu6/,@w*+8ﬂﬀ^$	 3		@A"67 #w8
$¨+J$+?02#$%$+"
stLOH#LOfFLOKPK5I;aH-HR[-LOfk^Z-mGAfmGAfcYL^]cbFLOKPKPbFLxnSH#]uabckxLONPH#LOfY;KMGAV
aKMLOHw-KPNPH#LafFLOHiCI;aKPNMLOfcZ-H-YaZ3U)WXLONPbFLOfcYLOE#LOH3j
[-Lxg(G$[-LOKPKML7aZ#]cYL^[-LOE-Hb2WXLOfF[-LOHwv2NML^]NM]cbS]cNPH-HmGAKPKq#WXLOH-HiﬃabFLOH#]udbckL7aH#LONPH
aH#[-LOfﬃaH-YLOT
a;b2WXLOfF[-LOH
]FGAKPKMLOHw[3NMLLONPH(Z-HbFLOfF]FDFE-NML^[3KPNMDFE#L^]QSGAHbcfuaA]cbcmLOfcE
aKPbFLOH|E
aVLOHwv
U
HbFLOft[-LOft{GAfuaZ#]F]FLObck^Z-H-Y#[#aolAfcbcKPNMDFE
IGAfcfFL^]cTGAH#[3NMLOfFLOH#[-Los2fuaZWXLOfcbFL/NPH|[-LOH|ﬃabFLOH#]udbckLOH|h=NPb ESNPKzUL=LONPH#LOfH-NMDFEbGAfcbF]uaV-E
dH-Y;NPYLOH¬-Z-H-I$bcNzj
GAH aZ3Ut[-LOH SLpULOfFLOH-k[#abFLOH#]uabck?aH-YLOT
a;bWXLOfF[-LOH IlAH-H#LOHw)NM]cbLONPH#L

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAHh`lAY;KPNMDFEwv
nSKPKPYLOh`LONPHJNM]cb`[3NML^]FLr{GAfuaZ#]F]FLObck^Z-H-YﬂNPH[-LOf`g(j

NPKM[3YLOV-Z-H-YﬂH-NMDFEbLOfU+-KPKPbv2Z-fFDFEJYL^LONPY;H#LObFLR¥|aE-K
[-LOf

NPKM[3YLOV-Z-H-Y]cT
afuah`LObFLOf=KaA]F]FLOH]cNMDFET-fFGAV-KMLOh=KMG;]

NPKM[-LOf=LOfckLOZ-YLOHwVLONX[-LOH#LOHZ-HbFLOfF]FDFE-NML^[3KPNMDFE#LOH
stLOWXLOVLOb!$TLOH`NM[-LOHbcNM]FDFE#LSG$[-LOf¦mLOfF]FDFE-NML^[-LOH#Lts2fuaZWXLOfcbFLk^Z-YL^GAfF[3H#LObWXLOfF[-LOHwv

NPH#LLONPH#[-LOZ-bcNPYL LwfuaH#]j
UGAfch/abcNMGAHi[-LOfﬃs2fuaZWXLOfcbFL7k^WNM]FDFE#LOHi[-LOH

NPKM[-LOfcHiLp«3NM]cbcNMLOfcb2[#aH-H(H-NMDFEbv¬-f2[-LOHi¬
aKPKq
[#ar[3NML

NPKM[$j
YLOV-Z-H-Y]cT
afuah`LObFLOf7]cNMDFEﬂH-NMDFEbxk^Zﬂ]cbuafcI(k^WNM]FDFE#LOH|[-LOH|LONPH-kLOKPH#LOH|ﬃabFLOH#]udbckLOHﬂZ-HbFLOfF]FDFE#LONM[-LOHwI;aH-H
h/aH7mGAH[-LOf

«3NM]cbFLOH-kLONPH#LOf)LONPH#[-LOZ-bcNPYLOH/s2fuaZWXLOfcbjﬂLwfuaH#]UGAfch/abcNMGAHraZ#]cYLOE#LOH7Z-H#[7[#aA]NPh­UGAKPYLOH#[-LOH
mGAfcYL^]cbFLOKPKPbFLﬃ{LOfUqaE-fFLOH?mLOfcWXLOH#[-LOHwv
nSKM]

LONM]cT-NMLOK]FGAKPK[3NMLs2fuaZWXLOfcbjﬂLwfuaH#]UGAfch/abcNMGAHﬂNPH?LONPH#L_GAbFLOH-k^fFLONPE#LLOHb!WNMDFILOKPbtWXLOfF[-LOHwv5s2KMLONMDFEZ-H-Y
 -  	
   
#  

' 


(# /
	   (:
 
$' !
 ﬁ





  ](

B3v
8
-WXLOKMDFE#LLONPH#LﬃKPNPH#LafFL LwfuaH#]UGAfch/abcNMGAH?fFLaKPNM]cNMLOfcb-WNPfF[oWNMLtUGAKPY;bLOfcWXLONPbFLOfcb 

 
 H
1
#







v
v
v





ﬀ
  
 


 
 

ﬁ
O
ﬁ
G
@CH
1
#






1

#
v
v
v






ﬀ
  
08`

ﬁ

#ﬁ
O
ﬁ
G
@ H
#
#






#
1

#
#
v
v
v

#





ﬀ
  

ﬁ




 `
ﬁ
O
ﬁ
G
@
ﬂ4ﬂ4ﬂ
-
 
V

 
V


#


ﬂ
^$B3v ?1`
¥\NML^[-LOfcZ-h¢I;aH-H(s2KMLONMDFEZ-H-YB3v ?=NPH?[-LOfS¬#GAfch  #




2[#afcYL^]cbFLOKPKPbWXLOfF[-LOH 

 






-
 
V

 
V




v
v
v


1

#
v
v
v



#
1

#
#
v
v
v

#

ﬂ4ﬂ4ﬂ




ﬀ
#









H
1
H
1
H
#
v
v
v






ﬀ
ﬂ
^$B3v B:`
tLOfS_)afuah`LObFLOfcmLOI$bFGAf2I;aH-H?[#ah=NPbYLOh/drs2KMLONMDFEZ-H-Y B3v ŁVL^]cbcNPh=hbWXLOfF[-LOHwv
3ﬀPﬂ)P    	#  "$#?U  !'2 Q  ,& " ﬁ %ﬁ(' /( ,ﬀﬂ   %ﬁ('
g?NPb ESNPKzUL[-LOfg(G$[-LOKPKPNMLOfcZ-H-YimGAH!HbFLOH#]cNPbudbF]F]FDFEWeaH-I$Z-H-YLOHJNM]cb7k^Weaf=LONPH#L]cbuaV-NPKML

LOfFL^DFE-HZ-H-Y|[-LOf

LOWXLOY;Z-H-Y]cT
afuah`LObFLOf7h`lAY;KPNMDFE
aKPKMLOfF[3NPH-Y]xNM]cbﬃ[3Z-fFDFE|[3NMLk^Z#]udbck^KPNMDFE#LOH|¬-fFLONPE#LONPbF]cY;fuaA[-L`k^Z-H
dADFE#]cb[-LOf
SL^DFE#LOH
aZ3U+WeaH#[?mLOfcY;KPNMDFE#LOH?h=NPbS[-LOfSﬃafF]cbFLOKPKPZ-H-YaZ#]QxaT-NPbFLOK	?=WXLONPbFLOf2LOfcE#lAEbSWXGAfF[-LOHwv

NPH#L`g(lAY;KPNMDFE-ILONPb[3NML

LOfFL^DFE-HZ-H-Y?k^ZiVL^]FDFE-KMLOZ-H-NPYLOH|VL^]cbFLOEbx[#afcNPHw5[#aA]ﬃQSGAHmLOfcYLOH-k^mLOfcE
aKPbFLOH [-L^]
NPbFLOfuabcNPmLOH sﬃaZ-Aj2LOWbFGAH3jq{LOfUqaE-fFLOH#]k^ZﬂmLOfcVL^]F]FLOfcHwvC$DFE#GAH|fFLOKabcNPm?U+fc-EWZ-fF[-L=mGAfcYL^]FDFE-KaYLOHw[3NML
aH#LONPH
aH#[-LOfaH-k^Z-T
aA]F]FLOH#[-LOHrﬃabFLOH#]udbckLSmGAfX[-LOf

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAHofudZ-h=KPNMDFEk^Z`y#KPbFLOfcH Q ¬)S >CB;a(S!v
nSZ#DFE[3NML¦k^Z-mGAfLOfcWedE-HbFLXL^DFEbckLONPbUqdE-NPYL

LOWXLOY;Z-H-Y]cIGAfcfFLOI$bcZ-fWXLOH#[-LOb[3NML^]FL^]5{LOfUqaE-fFLOH7aH Q  W >C>VS!v
2Z-fFDFE\[3NMLR¬NPKPbFLOfcZ-H-YﬂWXLOfF[-LOH\[3NMLoE#GAE#LOH WSfcbF]U+fFL^§Z#LOH-kLOHNPHJ[-LOHﬃabFLOH#]udbckLOH\]cbuafcIZ-HbFLOfF[3fc#DFI$b
]FG[#a/HZ-fﬃ[3NMLY;fFGAVL WSV3cLOI$bF]cbcfcZ-I$bcZ-ftLOfcE
aKPbFLOHiV-KMLONPV-bv2Z-fFDFE[3NML^]FL^]S{GAfcYLOE#LOHiWXLOfF[-LOH[3NMLKMGAI;aKMLOH
nSV-KMLONPbcZ-H-YLOH`NPH[-LOf OaAD^GAV-Nzj!giabcfcNz«=YLOfcNPH-YLOf
AKMGAI;aKMLenSZ#]cfFLONPLOf)WXLOfF[-LOH=mLOfch=NPH#[-LOfcbvA¥ﬂLONPbFLOfcE-NPH/LOfcE#lAEb
[3NML¬NPKPbFLOfcZ-H-Y2[#aA]5{LOfcE
dKPbcH-NM]wmGAHCNPY;H
aKk^Z2aZ#]FDFE#LOH7aZ3U-QSG;]cbFLOH[-LOf WSfcbF]uaZ3
l;]cZ-H-Y#vﬃaSLONPH]FGAKMDFE#L^]
{GAfcYLOE#LOH([3NMLxQSGAHmLOfcYLOH-k[-L^]SnSKPYGAfcNPbcE-hZ#]SLOfcE#LOV-KPNMDFE(VL^]FDFE-KMLOZ-H-NPYLOH?I;aH-Hw-NM]cbNPHbcZ-NPbcNPmrI$Kafv

]NM]cb
k^Z-h=NPH#[-L^]cbU+fuaY;W-fF[3NPY#-GAVRL^]XU+-fLONPH#L

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH(]cNPH-HmGAKPK5NM]cb3[3NMLtE#GAE#LOHXWSfcbF]U+fFL^§Z#LOH-kLOH
k^ZJZ-HbFLOfF[3fc#DFILOHwv NwLObck^bcKPNMDFE\bcfuaYLOHYLOfuaA[-LR[3NML^]FLRnSHbFLONPKML?[-LOf/ﬃabFLOH[3NMLXWSfcbF]uaZ3
l;]cZ-H-Y|Z-H#[J]cNPH#[
[#ah=NPbU+-fLONPH#LﬃE#GAE#L7stLOH
aZ-NPY;ILONPbSLONPH#LOf

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH(fFLOKMLOm;aHbv

NPH\WXLONPbFLOfFLOfonSH#]uabck(k^Z-fSL^[3Z-k^NMLOfcZ-H-Y [-LOfSL^DFE#LOH-kLONPbrNM]cb[3NMLXN5NPh=NPbcNMLOfcZ-H-Y [-LOfrnSH-kaE-Kt[-LOf!bFLpj
fuabcNMGAH#LOH1aZ3U7LONPH#LRy-«-L(nSH-kaE-KqvenSKPKMLOfF[3NPH-Y]rWXLOfF[-LOH}[#aA[3Z-fFDFE}VLON2YLOfcNPH-YLOfo!bFLOfuabcNMGAH#]cbcNMLpUL(Y;fFlALOfFL

LOWXLOY;Z-H-YLOH(H-NMDFEb2LOfcI;aH-Hb
G$[-LOfNPh¢aH#[-LOfFLOH(¬
aKPKwZ-H-H#lAbcNPY`E#GAE#LxSL^DFE#LOH-kLONPbFLOHiLOfckLOZ-Y;bv
2NMLrk^WXLONVL^]FDFE-fcNMLOVLOH#LOHJ{LOfUqaE-fFLOH k^Z-f`SL^[3Z-I$bcNMGAHJ[-LOf=SL^DFE#LOH-kLONPb`E
aVLOH VLONM[-LoLONPH#LOH H#LOYabcNPmLOH

NPH3#Z-(aZ3Ue[3NML

fcYLOV-H-NM]F§Z
aKPNPbudbvw!H[-LOHiUGAKPYLOH#[-LOHﬂnSV#]FDFE-H-NPbcbFLOHﬂWXLOfF[-LOHC$DFE-fcNPbcbFL=mGAfcYL^]cbFLOKPKPbw[3NML
LONPH#L

LOfFL^DFE-HZ-H-YLONPH#LOf2sﬃaZ-Aj2LOWbFGAH

LOWXLOY;Z-H-Y]F[-LObFLOI$bcNMGAH?NPH

DFEbckLONPb2GAE-H#L

NPH#]FDFE-fudH-I$Z-H-YLOH(LOfj
KaZ-VLOHwv
5
A<i*+,A8ﬂ #*,	 o 3;4 *,8

A"<i	
tLOfWNMDFEbcNPY]cbFL=C$DFE-fcNPbcbSk^Z-f

L^]FDFE-KMLOZ-H-NPY;Z-H-Yr[-LOf

LOfFL^DFE-HZ-H-YLOH(NM]cbS[3NMLx¬#GAfchZ-KPNMLOfcZ-H-Yr[-L^]S_¦fFGAV-KMLOh`]
aKM]`]FGAYLOH
aH-HbFLOf
U
T[#abFLpj!nSKPYGAfcNPbcE-hZ#]v2NMLo9[-L^LrLONPH#L^]`]FGAKMDFE#LOHJ{LOfUqaE-fFLOH#]=NM]cb=L^]¦[3NMLNwl;]cZ-H-YiU+-f
cL^[-LOHk^ZLONPH#LOh~_¦fFGAV-KMLOh&E-NPH-k^Z-YLpU+-Y;bFLOH=¥ﬂLOfcb)NPH-I$fFLOh`LOHbFLOKPK
aH-k^Z-T
aA]F]FLOHw;aH#]cbuabcb¦LONPH#LIGAh=T-KMLObcb)H#LOZ#L

LOfFL^DFE-HZ-H-YRaZ#]ck^Z3U+-E-fFLOHwv
!h¯mGAfcKPNMLOYLOH#[-LOHi¬
aKPKI;aH-H?[3Z-fFDFE(LONPH?]FGAKMDFE#L^]{GAfcYLOE#LOH([3NML

LOfFL^DFE-HZ-H-Y
Y;fFGALOf/giabcfcNPkLOH mLOfch=NML^[-LOHJWXLOfF[-LOHwv¦¬-f`[3NML?s2KMLONMDFEZ-H-YLOH B3v ;(Z-H#[JB3v Ł?kLONPY;b`nSV-V-NPKM[3Z-H-Y B3v
8
[#aA]
    
  
	
 %
  

(ﬁ
: ﬀ
 %
  
' !ﬀ

 ﬁ:$    
Anwenden der durch den Parametervektor   definierten
Transformation auf den Datensatzes 

 mit Hilfe einer
Interpolation.
Den Vektor

in die letzte Spalte der Matrix A eintragen.
Berechne  ′  durch
( )      ⋅⋅⋅=′ −1 .
Ersetze  ′+=  .
Initialisiere  mit Werten, die eine Identitätstransformation
definieren.
Konvergenzkriterium erfüllt ?
Nein Ja
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Für den Fall, daß alle Daten rechtzeitig ankommen:
Objektposition bei
Messung Nr.
Abweichung Meßkoord.system
zu Objekt
Bewegungsdetektion
bearbeitet Messung Nr.
Inkrementelle
Positionsänderung
1 | 0° 0° 1 0°
2 | 3° 3° 2 3°
3 | 3° 0° 3 0°
4 | 3° 0° 4 0°
5 | 3° 0° 5 0°
6 | 3° 0° 6 0°
7 | 3° 0° 7 0°
8 | 3° 0° 8 0°
9 | 3° 0° 9 0°
Für den Fall, daß sich der Datenfluß verzögert:
Objektposition bei
Messung Nr.
Abweichung Meßkoord.system
zu Objekt
Bewegungsdetektion
bearbeitet Messung Nr.
Inkrementelle
Positionsänderung
1 | 0° 0° 1 0°
2 | 3° 3° 2 - (Detektion nicht
fertig)
3 | 3° 3° (Oszillation !) 2 3°
4 | 3° 0° (Oszillation !) 3 3°
5 | 3° -3° (Oszillation !) 4 0°
6 | 3° -3° (Oszillation !) 5 -3°
7 | 3° 0° (Oszillation !) 6 -3°
8 | 3° 3° (Oszillation !) 7,8 0° + 3° (Detektion
holt auf)
9 | 3° 0° 9 0°
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